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ABSTRACT

Text, Graphics, and Multimedia Materials Employed In Learning
A Computer-Based Procedural Task
Kari Christine Carlson Coffindaffer
The present research study investigated the interaction of graphic design students with
different forms of software training materials. Four versions of the procedural task instructions
were developed (A) Traditional Textbook with Still Images, (B) Modified Text with Integrated
Still Images, (C) Onscreen Modified Text with Silent Onscreen Video and (D) Onscreen Narrated
Video for four computer tasks. Two research questions guided the study: Research Question 1:
Are there any significant differences in student learning of a computer-based procedural task
due to the format of the training materials? Research Question 2: Do individual differences in
prior knowledge and spatial abilities make a significant difference in student learning?
This study included quantitative research methods. The population for the study consisted of
sophomore and junior graphics students enrolled in the Computer Applications in Graphics
(GRAPHICS 1150) course in the Department of Graphics Technology at a Fairmont State
University and Pierpont Community and Technical College during the 2009 spring semester.
One section had 8 participants and the other 11 (N=19). The six instruments used to collect data
for this study were a Prior Knowledge pre-test, the MRT (a Mental Rotations Test), and 4
counterbalanced graphics image-manipulation tasks. The findings indicate that high spatial
ability and high prior knowledge positively affected student’s scores on the graphics imagemanipulation tasks and that Training Condition B (Modified Text with Integrated Still Images)
was a positive contributor to test scores on the counterbalanced image manipulation tasks. The
participants experienced shorter task completion times for any task trained with the Modified
Text with Integrated Still Images materials.
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CHAPTER 1

RESEARCH QUESTIONS AND LITERATURE REVIEW

INTRODUCTION
What is Multimedia?
According to the Merriam-Webster Online dictionary, the term “multimedia”,
introduced in 1962, means using, involving, or encompassing several media. As technology
progressed, other definitions followed. In 2004, IBM posted an expanded definition on their
website that stated “computer-controlled presentations combining three or more of the
following elements: text, graphics, animation, full-motion images, still video images, and sound.
In 2005, Tom Antion’s Public Speaking Course website defined Multimedia as “the use of
several media, such as movies, slides, music, and lighting in combination normally for the
purpose of education or entertainment” (Antion, 2005, p. glossary/Multimedia). In 2008,
Computer ServiceNETwork defined multimedia as “the use of a computer to display integrated
text, graphics, animation, and sound”. As computers become more sophisticated and less
expensive, the potential for use in multimedia presentations such as movies and interactive
education increases” (Computer Service NETwork, 2008, p. glossary/Multimedia). These
definitions have one common characteristic. They look at multimedia as the act of presenting
words and pictures.
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What is Multimedia Learning?
Those of us in education must look at student learning and build a working definition for
learning that uses multimedia. Richard E. Mayer proposed that Multimedia learning is “building
mental representations from words and pictures” and that Multimedia Instruction is
“presenting words and pictures that are intended to promote learning” (Mayer, 2005, p. 3).
Mayer, a professor of Psychology at the University of California in Santa Barbara, defined
multimedia learning as learning from both words and pictures. His research in the 1990s (Mayer
& Anderson, 1991; Mayer & Gallini, 1990) tested Pavio’s (1971; 1986) theory of dual coding
with multimedia instruction. Mayer and his colleagues found that student scores were
significantly better when it came to applying what they had learned after receiving multimedia
instruction rather than a single media instruction. Other groups of researchers (Chandler &
Sweller, 1991; Chandler & Sweller, 1996; Kalyuga, Ayers, Chandler, & Sweller, 2003; Mayer &
Moreno, 1998; Sweller, 1994; Sweller, van Merrienboer, & Pass, 1998) confirmed these results.
Some of the media tested included single media such as text, illustrations, photos, sounds,
voice, animations, and video and multimedia combinations of two or more of those media used
together. The experiments usually centered on cause and effect scenarios such as lightning
striking (Mayer, Bove, Bryman, Mars, & Tapango, 1996), how brakes work (Mayer, 1989), how
pumps work (Mayer & Gallini, 1990) , or how a toilet flushes (Mayer, Hegarty, Mayer, &
Campbell, 2005). From this growing body of research developed a set of principles of
multimedia learning (Mayer, 2005). Those principles drive current research in Multimedia
Learning. Studies in Multimedia Learning are concentrated in the content areas of Reading,
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History, Mathematics, Chemistry, Meteorology, and Languages. What began in the 1960s as an
integration of text and illustrations for textbooks has grown with the advances of digital
content into a continuum of interactivity ranging from word processing through desktop
publishing to multimedia, virtual reality, and simulated worlds. The exploration of Multimedia
Learning in advanced computer-based contexts is in its infancy with a few studies in (1) virtual
reality (Forman, Stanton, Wilson, & Duffy, 2003; Salzman, Dede, Loftin, & Chen, 1999;
Wollensak, 2002) in (2) games, simulations and micro worlds (Gee, 2003), and in (3)
hypermedia (Fabos, 2001; McDonald & Stevenson, 1998).
Today’s Multimedia Learning research adds to our understanding of how people learn
from words and pictures in computer-based environments (Mayer, 2005). Those computerbased environments may include (1) online instructional presentations, (2) interactive lessons,
(3) e-courses, (4) simulation games, (5) virtual reality, and (6) computer-supported in-class
presentations.
How is Multimedia Learning Used in a Graphics Curriculum?
In the computer graphics classroom, it is common for students to encounter several
different formats of information in at least three simultaneously delivered media, (1) text, in
book or on the student computer screen or on a document projector screen in the classroom,
(2) images, in the textbook or on the student computer screen or on a document projector
screen in the classroom, and (3) sounds, emanating from the instructor’s voice, the student’s
computer, or a projection of the instructor’s computer screen with a classroom sound system.
These three delivery formats may be employed one-at-a-time, or combined in pairs or groups,

Text, Graphics and Multimedia 4

but most commonly for instructional purposes are (1) text only, as in a printed textbook with no
images or illustrations, (2) text and images, as in a software manual showing text and
screenshots of the computer screen, and (3) images and narration, as in an onscreen video or
instructor demonstration. Though other combinations or variations of these conditions may
exist, these three are the most commonly used in classroom training for graphics professionals.
Along with text, images, and sound the student may interact with several media generators
such as a desktop computer, monitor, and keyboard, and an overhead projector with audio
speakers or personal earphones. It appears that the most common student tasks in graphics
classes are procedural ones. In education, there are two main types of knowledge (1)
declarative and (2) procedural. Declarative knowledge is to know and understanding factual
knowledge about the world. Procedural knowledge is to know how to do something, or to
perform the steps in an action or a process.
In a graphics classroom, the students interact with computers and texts to learn to
perform sequences of steps that accomplish procedural tasks such as re-touching a photo,
animating a drawn object, or editing a recorded video. The student must be able to generalize
and internalize the procedure and transfer the actions to a similar but novel task.
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RESEARCH QUESTIONS

This researcher’s objective is to use the existing research in Multimedia Learning to investigate
how Multimedia Instruction affects learning a procedural task with computers. Despite the
growing body of research on Multimedia Learning and Multimedia Instruction, only a few
studies have looked at multimedia learning and multimedia instruction in learning procedural
tasks (Michas & Berry, 2000; Palmiter & Elkerton, 1993; Pollock, Chandler, & Sweller, 2002). A
procedural memory is an implicit long-term memory of how to execute a series of steps, for
example, how to a shoe or ride a bike. A learned procedure becomes automatic. Palmiter and
Elkerton (1993) found that during training, demonstration users were faster and more accurate
than text-only users in learning a procedural task. Michas and Berry (2000) investigated the
effectiveness of presenting procedural information through different combinations of media
and found that (1) text and line drawings and (2) narrated video presentations were the best
two combinations of media in their experiments.
Jeung, Chandler, & Sweller (1997) investigated using visual cues to direct attention in
modified software training manuals. They found that learners remember more when
multimedia presents with one source in visual mode and the other in auditory mode rather
than both in visual mode. This effect was also studied with similar results by Mayer and Moreno
(1998) and Moreno and Mayer (1999).
Marcus, Cooper, & Sweller, (1996) investigated using diagrams instead of text for
teaching how to connect electronic resisters. They reported significantly increased efficiency
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with diagrams alone. Van der Meij (2008) analyzed software and hardware manuals and found
full-screen captures more beneficial than text or partial screens.
How do students learn a procedural task? How do they interact with different forms of
training materials? The purpose of this investigation is to examine how students interact with
software training materials when they consists of (A) Traditional Text book with Still Images, (B)
Modified Text with Integrated Still Images, (C) Onscreen Modified Text with Silent Onscreen
Video and (D) Onscreen Narrated Video. Four versions of procedural task instructions will be
developed or selected in the above formats and the student’s performance on a recall test and
a transfer test assessed. Students will be administered a prior knowledge test and a spatial
ability test before the procedural training.
Research Question 1
Are there are any significant differences in the student learning of a computer-based
procedural task due to the format of the training materials?
A. Are there significant differences in the student learning between students
trained with Traditional Textbook with Still Images and students trained with
Modified Text with Integrated Still Images?
B. Are there significant differences in the student learning between students
trained with Traditional Textbook with Still Images and students trained with
Onscreen Modified Text with Silent Onscreen Video?
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C. Are there significant differences in the student learning between students
trained with Traditional Textbook with Still Images and students trained with
Onscreen Narrated Video?
D. Are there significant differences in the student learning between students
trained with Modified Text with Integrated Still Images, and students trained
with Onscreen Modified Text with Silent Onscreen Video?
E. Are there significant differences in the student learning between students
trained with Modified Text with Integrated Still Images, and students trained
with Onscreen Narrated Video?
F. Are there significant differences in the student learning between students
trained with Onscreen Modified Text with Silent Onscreen Video and students
trained with Onscreen Narrated Video?
Research Question 2
Do individual differences in prior knowledge and spatial abilities make a difference in
student learning?
A. Are there are any significant differences in the student learning of a computerbased procedural task due to individual differences in the learner’s prior
knowledge of the subject matter?
B. Are there are any significant differences in the student learning of a
computer-based procedural task due to individual differences in the learner’s
spatial abilities?
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LITERATURE REVIEW

The research on Multimedia Learning spans only about 10-12 years. Richard E. Mayer
coined the term, and the area of study is referred to as the Cognitive Theory of Multimedia
Learning. There are two major University centers for educational research in multimedia
learning. The first is in the Department of Psychology at the University of California, Santa
Barbara under the direction of Richard E. Mayer. The second is at the University of New South
Wales, Sydney, Australia, spearheaded by Emeritus Professor John Sweller.
Throughout the 1990s, Mayer and his colleagues at Santa Barbara conducted many
empirical research studies in multimedia learning and developed from their findings a set of
seven principles for the design of multimedia messages and a cognitive theory of multimedia
learning. Several core terms form the vocabulary of the research. (1) Multimedia Learning-learning from words and pictures, (2) Multimedia Message or Multimedia Presentation-presentation involving words and pictures, (3) Multimedia Instructional Message or
Multimedia Instructional Presentation--presentation involving words and pictures that is
intended to foster learning (Mayer, 2001).
Mayer’s Multimedia Learning Theory
According to this theoretical approach, there are three multimedia views: (1) the
Delivery Media view, (2) The Presentation Modes view, and (3) the Sensory Modalities view.
The Delivery Media view pertains to using two or more delivery devices for the instructional
presentation. An example would be a lecturer’s voice and an overhead projector and speakers
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showing a computer screen. The Presentation Mode view pertains to how the instructional
material is presented, such as pictures or text. An example of picture and text representation
would be on-screen text and animation or printed text and illustrations. Finally, the Sensory
Modalities view is learner-centered and relies on the sensory receptors used by the learner to
receive and process the instructional material such as the eyes or ears. Example of sensory
input might be listening to narration and watching animation or listening to a lecture and
viewing slides. This view takes into consideration research in working memory (Baddeley, 1992)
and relies on channels for auditory and visual processing. Table 1 includes possible
combinations of delivery materials and presentation modes.
Research in multimedia learning has been approached in two different conceptions of
learning, (1) multimedia learning as information acquisition and (2) multimedia learning as
knowledge construction. The first process is made up of three parts. The first part is the
information, which is seen as an object, which can be moved from place to place. The second
part is the learner who acts as a receiver who passively stores the information in memory. The
third part is the teacher who is the information presenter. In the learning as knowledge
construction view the learning is something that the learner must process to make sense of it.
The learner accomplishes this through activities such as organizing, manipulating, and
integrating the information. Mayer’s Cognitive Theory of Multimedia learning presumes that
multimedia learning fosters active learning which in turn can promote meaningful learning. In
other words, multimedia learning promotes both retention of the information as well as
transfer of the information into creative solutions to novel problems.
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Table 1
Possible Combinations of Delivery Materials and Presentation Mode
Description of the

Text

Instructional Materials

On Screen

Image

Sound

In book

Onscreen

In book

Effect

(1) Traditional Text
book with Still Images

X

X

X

X

(2) Modified Text with
Integrated Still Images

X

X

X

X

(3)Onscreen Modified
Text with Silent
Onscreen Video

X

X

X

X

Narration

used in conjunction
with a student’s
computer workstation

(4) Onscreen Narrated
Video

X

X

X

The Cognitive Theory of Multimedia Learning consists of three assumptions, (1) Dual
Channel Assumption, (2) the Limited Capacity Assumption, and (3) the Active-Processing
Assumption. The Dual Channel Assumption is based in the dual coding work of Paivio (1986)
and Baddeley’s working memory model (1992). Each expresses the idea that humans have
separate processing channels for visual and auditory information. The Limited-Capacity
Assumption was defined by the work of Miller’s (1956) memory span test, Baddeley’s (1986)
definition of working memory, and Chandler & Sweller’s (1991) work on intrinsic cognitive load
and extrinsic cognitive load. The Limited Capacity Assumption states that either channel can
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only process a limited amount of information at a time. The Active-Processing Assumption is a
newer assumption conceived by Wittrock (1989) and further developed by Cook and Mayer
(1988) and Mayer (1999) where learners attend to incoming information and then actively
manipulate it by organizing, classifying, and structuring it into an integrated mental
representation that interacts with pre-existing knowledge. Seven principles guide the Cognitive
Theory of Multimedia Learning. They are: (1) the Multimedia Principle, (2) the Spatial Contiguity
Principle, (3) the Temporal Contiguity Principle, (4) the Coherence Principle, (5) the Modality
Principle, (6) the Redundancy Principle, and (7) the Individual Differences Principle.
The Multimedia Principle states that students learn better from words and pictures
than from words alone. This principle is based on the theoretical rational that when pictures
and words are presented together a learner can build mental models and connections between
them. This principle was tested in nine experiments: (Mayer & Anderson, 1991; Mayer &
Anderson, 1992; Mayer, 1989; Mayer, Bove, Bryman, Mars, & Tapango, 1996; Mayer & Gallini,
1990). In each of these experiments, information retention was better for students receiving
words and pictures than with words alone. The multiple representations groups in these
experiments performed better on transfer tests, reinforcing the hypothesis that adding pictures
to words resulted in increasing learner’s understanding of the material.
The Spatial Contiguity Principle states that students learn better, when corresponding
words and pictures are presented near rather than far from each other on the page or screen.
This principle is based on the theoretical rational that the learners are able to hold both picture
and words in working memory longer due to their proximity which reduces the load on
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cognitive processes. Mayer was involved in conducting five experiments testing the nearness of
pictures and text (Mayer, 1989; Mayer, Steinhoff, Bower, & Mars, 1995; Moreno & Mayer,
1999). All of the five test groups experiencing words and pictures near each other on the page
exhibited better retention. In texts using computer screens similar results confirmed that
animations on screen near text were more effective than when they appeared far from each
other.
The Temporal Contiguity Principle states that students learn better, when
corresponding words and pictures appear simultaneously rather than in sequence. When
presented simultaneously, the learner is better able to make sense or build connections
between the verbal and visual than when separated by time in experiments (Mayer &
Anderson, 1991; Mayer & Anderson, 1992; Mayer, Moreno, Boire, & Vagge, 1999; Mayer &
Sims, 1994). All the experiments were time-based animations with narration presented in a
computer-based environment. All learners took retention tests and transfer tests. Some
learners experienced the information sequentially and some simultaneously. Three (of the five
groups) experiencing simultaneous delivery of information recalled more relevant information
than the groups experiencing the information in a sequential fashion. On tests of transfer and
problem solving the groups who received simultaneously delivered information scored
significantly higher than learners who received sequential information.
The Coherence Principle states that students learn better with minimal extraneous
material. Extraneous, but interesting, material might include irrelevant words and pictures,
music or sounds. Extraneous material, though it might be entertaining, diverts attention from
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the important information. In 11 of 11 tests, learners experiencing concise multimedia
presentations performed better on both tests of retention and on tests of transfer (Harp &
Mayer, 1997; Harp & Mayer, 1998; Mayer, Bove, Bryman, Mars, & Tapango, 1996; Mayer,
Heiser, & Lonn, 2001; Moreno & Mayer, 2000).
The Modality Principle states that students comprehend better from animation and
narration than from animation with on-screen text. Animation comes in through the visual
channel, and narration comes in through the auditory channel. Splitting the cognitive load
between the visual and auditory channels is less taxing for the learner. In a set of four studies
comparing retention and transfer performance of learners who received a narrated animation
or the same animation with on-screen text Mareno & Mayer (1998; 1999) found that in all four
studies, learners performed better on both retention and transfer tests if they received
animation and narration.
The Redundancy Principle states that students learn better from animation and
narration than from the combination of animation, narration, and text. Providing animation and
text simultaneously can overload the visual channel and make the presentation less effective. In
two tests, learners received animations, narrations, and text while others received animation
and narration only. The learners receiving animation and narration performed better on both
retention tests and transfer tests. Mayer, Heiser, and Lonn (2001) conducted the tests.
The Individual Differences Principle states that design effects are more important for
low-prior-knowledge learners than for high-prior-knowledge learners, and for high-spatialability learners rather than for low-spatial-ability learners. Prior domain-specific knowledge aids
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high-prior-knowledge learners to compensate for lack of guidance in presentations, and highspatial-ability learners use their visualization abilities to integrate verbal and visual material in
presentations. Low-prior-knowledge learners and low-spatial-ability learners seem to make the
most dramatic improvements when presented with a multimedia presentation. In two
empirical tests conducted by (Mayer & Gallini, 1990; Mayer, Steinhoff, Bower, & Mars, 1995),
learners were separated into high and low prior-knowledge groups and subjected to welldesigned instructional messages and to poorly designed instructional messages in a book-based
environment. In one experiment, the poorly designed message was text alone, and the welldesigned message was text and illustrations. In another experiment, the poorly designed
message was text and illustrations where the illustrations were separate from the text. In all
groups, there was a strong multimedia effect for low-prior-knowledge learners but not for highprior-knowledge learners in retention tests. The well-designed materials were more effective
for low-prior-knowledge learners. On transfer tests, the results were similar, with low-priorknowledge learners making the most dramatic improvement.
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Sweller’s Cognitive Load Theory
Learning occurs when information is made into chunks and transferred, through
rehearsal, to long-term memory. Cognitive load theory originated in the 1980s, developed, and
expanded through the 1990s. The theory is based on the idea that schemas or combinations of
elements or “chunks” are the cognitive structures that make up an individual’s knowledge base.
This builds upon the working memory research of George Miller (1956). Miller developed the
concept of "chunking" and investigated the capacity of short-term memory. He presented the
idea that short-term memory could only hold 5-9 chunks of information (seven plus or minus
two) where a chunk is any meaningful unit. A chunk could refer to digits, words, chess
positions, or people's faces. According to Sweller’s research, there are three categories of
cognitive load (1) Intrinsic Cognitive Load, (2) Extrinsic Cognitive Load, and (3) Germane
Cognitive Load, and three specific effects related to cognitive load when learners process the
information presented to them, (1) Split Attention Effect, (2) Redundancy Effect, and (3)
Modality Effect.
Intrinsic Cognitive Load (Chandler & Sweller, 1991) is the inherent level of difficulty
associated with instructional materials. Instructional materials vary in their levels of element
interactivity. All elements have an inherent difficulty level. Some topics are more difficult than
other topics. However, if instruction is designed so that difficult tasks are broken down into
manageable parts and the parts taught individually, then the cognitive load decreases. Once the
parts are committed to long-term memory as chunks or schemas, each chunk can be treated as
a single element and recombined with other elements to create more chunks (Clark, Nguyen, &
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Sweller, 2006). Thus, the intrinsic cognitive load of inherently difficult materials becomes more
manageable.
Extrinsic Cognitive Load is unnecessary and can be controlled or engineered. For
example, a verbal description of a square requires additional cognitive processing to
understand a square, than a spatial representation or image of a square. This example is further
discussed in John Sweller’s lecture on Extraneous Cognitive Load (2008) viewed on YouTube at
http://www.youtube.com/watch?v=RyuOU2RasRQ.
Germane Cognitive Load refers to the effort that is required to construct schemas or
mental models. Sweller, van Merrienboer, and Paas first described this concept in 1998. They
suggested that extraneous load could be reduced through instructional design and that the
redirected attention could be focused on schema construction. Consider the prior example of
describing a square. Displaying a visual image of a square uses less extrinsic load to describe a
square than employing a verbal description. It follows then; the remaining available attention is
available to build a mental model of the procedure of mentally rotating a square or mentally
making a building with blocks.
A Split Attention Effect can occur when instructional materials display two different
forms of information at the same time. Splitting learner attention between text and a diagram
or an illustration, increases cognitive load. It is more difficult to make sense of the information
because the two inputs are combined then interpreted by the learner to have meaning
(Chandler & Sweller, 1992). Combining the text and illustration into an integrated or labeled
diagram minimizes the spilt attention effect.
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The Redundancy Effect occurs when the same information occurs in multiple or
unnecessarily elaborated forms. The additional information creates negative effects. Miller
(1937) studied reading. He determined when teaching a child to read, if one shows a picture of
a cow, says the word cow, and then the child sees the printed word cow…the redundancy of
the picture causes an increase in the cognitive load. This is because the picture must be
processed and has nothing to do with learning the configuration of the letters into the word
“cow.” Non-essential images or text can have the same effect today of slowing the processing
of essential information. Mayer, Heiser, and Lonn (2001) referred to this effect as the
Redundancy Principle. Chandler and Sweller (1994; 1996) tested the redundancy effect on
students learning to use a computer program and found that the computer sometimes
interfered with intellectualizing the task. They experimented with several forms of a manual, (1)
a traditional text-based manual, and a computer, (2) a modified manual with integrated
diagrams, and no computer, and (3) a modified manual with a computer. In most cases, the
student without a computer performed better.
The Modality Effect is a construct also investigated by Mayer. He called it the Modality
Principle. People learn more deeply from multimedia messages when the words appear as
spoken text rather than printed words. The research previously summarized supports the idea
that processing visual information and auditory information can happen simultaneously in
separate channels and decreases cognitive load, as long as the information is not redundant.
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Lyon’s and Clark’s Guidelines for Training Materials
Dr. Ruth Colvin Clark and Chopeta Lyons have proposed that there are five main content
types in lessons. They are (1) procedures, (2) concepts, (3) facts, (4) processes, and (5)
principles (Clark & Lyons, 2004). Procedural content teaches the steps to perform routine tasks.
An example of a procedural task would be using a computer software program to retouch a
digital photograph. One retouches the photograph by sequentially performing a specific
procedure on the computer. Conceptual content is a mental representation of a category. An
example of a concept would be things that are “red”. Factual content is unique and specific
information. For example, “A cell is the basic unit of life.” Process content communicates a flow
of events, a series, or sequence. A principle is a task that completed in a unique way
determined by work circumstances. It is a guideline.
Procedural content is commonly presented through demonstration and practice.
Sometimes procedures are not learned by “doing” but are learned from some type of visual aid
such as systematic written directions. Chandler and Sweller (1996) found when learning a
computer software procedure, using a written manual is more successful when images of the
computer screen are added.
Lyons and Clark (2003) propose five general guidelines for teaching procedural content;
(1) provide demonstrations that combine transformational and representational visuals, (2)
make sure that the transformational visuals are constructed from the learner’s viewpoint, (3)
manage the cognitive load in visual presentations when the procedures or visuals are complex
or when the learners are novices, (4) use visual cues to draw attention to warnings , and (5) in
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online computer procedures, use on-screen contiguous text with transformational visuals to
provide directions, feedback, and memory support.
Demonstration Guidelines suggest that the transformational and representational
visuals should approximate the actual context of the equipment or physical setting of the task,
(Clark & Mayer, 2008). In other words, make the visuals look as much as possible like the actual
task. In training a computer task, it would be beneficial to show screenshots of the steps in the
procedure. Representational visuals such as still screen captures or video screen captures of the
procedure should be key components of computer training. For example, in constructing
instructions for cropping a photo with a computer software program, it would be advisable to
include images of what the computer program interface and tools look like at each step in the
process. Figure 1 shows a computer screenshot of the procedure for cropping a photograph. It
illustrates the operator dragging the cropping cursor diagonally across the image to define the
area of the image that will remain after cropping. Figure 2 shows the next step in the sequence.
It shows the opening of a dialog box soliciting information from the operator.
The Learner’s Viewpoint should be used for designing Transformation Visuals. Indicate
movement with arrows on static graphics and orient the visuals from the learner’s viewpoint. If
videos are used, present them as though from the eyes of the learner. Figure 3 shows an
example of a static visual that uses arrows to direct the learners’ attention to actions that
would occur on the computer screen. The arrows correspond to the numbered steps and the
expected screen actions.
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Figure 1. Computer interface at Step 1.

Figure 2. Computer interface at Step 2.
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Figure 3. Arrows used to direct attention in visuals.

Complex Procedures should be managed for Novice Learners and for Instructionally
Paced Materials. Visual cues draw attention to relevant areas in an illustration. The use of
arrows or bulleted text can direct the learner’s focus inside the overall picture, making sure
that the text is integrated with or near the relevant image. Eliminate extraneous detail and
diagram complex spatial tasks to preserve efficiency, and conserve cognitive load. An example
of cueing would be showing the cursor moving in a narrated instructional video so that the
moving cursor directs the learner’s attention to the appropriate part of the screen. The
screenshot in Figure 4 shows one frame in an instructional video using the moving cursor to
direct the learners’ attention (Adobe Creative Team, 2007) reprinted by permission of
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Pearson Education, Inc.. The narrations should be coordinated to support the visual actions
as they are happening.

Figure 4. Using a moving cursor.

Warnings should be prominently indicated. Make sure that warnings or cautions stand
out on the page and that they appear before or during the action step they apply to. Warnings
should be prominent and stand out in the materials. An example might look like this one in
Figure 5 (Adobe Creative Team, 2007) , reprinted by permission of Pearson Education, Inc..
The warning text is printed in an eye-catching red and appears in close proximity to the
anticipated action on the screen.
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Figure 5. Warnings are displayed prominently and contextually.

On-Screen Contiguous Text should be used with Transformational Visuals to Provide
Directions, Feedback, and Memory Support. All designs should include simulations and practice
that duplicates the context of the procedure. In computer simulations, the help screens should
be readily available and a learner should have the opportunity to re-play recorded
demonstrations as many times as is necessary to learn the steps. In recorded video, it would be
advisable if the replay button were prominently displayed. Figure 6 shows an example of a
prominently displayed replay button on a training video. The learner may activate the replay by
clicking on it. It always becomes available at the end of the video.
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Figure 6. Prominently displayed onscreen video replay button.
Building upon the guidelines proposed by Mayer, Sweller, Clark and Lyons, and their
colleagues, instructional materials can be developed and tested for effectiveness. However,
there are other considerations. In the field of Visual Communications which encompasses all
communication that occurs through visual aids, including but not limited to signs, typography,
drawing, graphic design, illustration web media, and television, effective visual design is
evaluated by measuring the comprehension of the audience. While there are no universally
agreed-upon standards for aesthetic qualities such as beauty or ugliness, there are established
artistic design theories and guidelines for the layout and design of all types of advertising and
communication artifacts, ranging from web pages to printed materials, packaging, and news
media. If these design theories are applied to the design of instructional media, what other
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useful guidelines may develop? Which ones are pre-existing in the theories and guidelines
already discussed?
Principles of Graphic Design
Based on the literature of Ryan & Conover (2003), there are five principles of design.
They are (1) balance, (2) proportion, (3) sequence, (4) emphasis, and (5) unity. These principles
relate to each other and have symbiotic interconnection.
Balance is stability and equalizes the visual weight on either side of the vertical axis of a
page. It appears in three ways, (1) symmetry, (2) asymmetry, and (3) optical weight. Symmetry
is usually bilateral, meaning a mirror reflection on each side of the central axis. Center the
artwork, text, and copy. Symmetry produces a feeling of formality, strength, and precision.
Figure 7 illustrates the concept of bilateral symmetry.

Figure 7. Example of Bilateral Symmetry.
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Asymmetry is informal balance. It is not centered on the vertical axis and is not weighted
equally on each side. It is accomplished by counterbalancing the design elements so that visual
balance is achieved through the juxtaposition of a variety of differing elements. Asymmetrical
compositions have a feeling of playfulness, freedom, and movement. These layouts employ the
use of optical weight as a design element. Optical weight is a visual system of measurement.
Large elements weigh more than smaller elements. Color images weigh more than black and
white images. Elements placed further away from the vertical center appear to weigh more. In
Figure 8, the asymmetrical balance is achieved through combining varied sizes and optically
weighted blocks. The larger blocks visually weigh more but are counterbalanced by the
alternating placement of smaller ones.

Figure 8. Asymmetrical Balance and Optical Weight.
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Proportion is the relationship between elements in a layout to each other and to the
entire layout. Proportion in art can evoke emotional responses. One specific proportion that is
widely studied is the Golden Ratio or the Golden Mean.

Figure 9. Proportions of the Golden Mean.

This is a naturally occurring proportion that humans recognize as being pleasing. The
mathematical ratio of parts is expressed as 1: 1.618. Visually, the points of intersection are
recommended as places to position important elements in a layout. Figure 9 illustrates the
proportions and intersections of a rectangle showing the ratio of the Golden Mean. For
humans, the most pleasing visual shape is the rectangle. Printed pages are rectangular because
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the most pleasing page size is one in which the length is one-and-one-half times the width. The
“rule of thirds” or ground thirds is a layout in which a rectangle is divided into nine equal parts
by two-equally spaced horizontal lines and two equally spaced vertical lines. Points of interest
reside at the intersections. Those intersections closely correspond to the major intersections of
the Golden Mean. Figure 10 illustrates the division of a rectangle by the Rule of Thirds.

Figure 10. Proportions of the Rule of Thirds.

In the proportional layout of the page, the optical center serves an important role. The
optical center of a page layout is the spot where the human eye first enters the page. Humans
tend to gravitate to an area on the page slightly above the mathematical center and just to the
left of it. This sweet spot is a very strong and important area of the page. The most important
information on the page resides here. In the layout of a book, the title page is a very good
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example of employing this principle. The horizontally centered title rests slightly above the
mathematical center of the page. Figure 11 illustrates this common title placement.

Figure 11. Title placement above the mathematical center of a page.

Sequence is the direction or reading pattern of the visual design. Normal eye tracking in
occidental cultures tends to move from left to right and then from top to bottom. This visual
pattern is sometimes called the “Z” readout. Sequencing patterns can determine the placement
of elements on the page. Common sequencing conventions include, (1) more important
information is usually placed higher up on the page, (2) information placed on the left side of
the page is considered more valuable, (3) art or images are seen before plain text, and (4)
placement of graphic elements like thumbnails, and photos can steer the reader’s eye through
a page in a prescribed sequence. Element placement influences eye tracking. Cohn (2007)
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studied the eye tracking of participants reading comic books to determine if the placement of
the image cells would affect the “Z” readout westerners commonly employ in reading text. He
confirmed that the “Z” readout is the preferred strategy but varies if there is no clear content in
the upper left quadrant of the page. Figure 12 illustrates with an image of a vintage movie
poster the “Z” page layout (Flickr.com) Reprinted under a Creative Commons License Deed. The
viewer enters the page at the top left corner, looks right to the fortuneteller, follows downward
to the left-center to the images of the actors, and then further left and downward to the text,
which finishes in the lower right corner of the page. It is a typical “Z” pattern using a mixture of
images and text.

Figure 12. “Z” Eye Tracking pattern.
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Emphasis is giving one graphic element in the page visual significance. It is the focal
point and stands out over all the rest. There are several strategies to increase the emphasis of
an element. By tilting an image or block of text, you draw attention to it because it is in a
different orientation than the other elements. By altering the focus on a photographic element,
you can blur the non-essential material and force the focus to a particular part of the image.
Extreme size differentials can set an element apart, as can differences in color or tone or
contrasts of black and white. Using additional negative or white space can also set an element
apart. In this Red Cross poster from the 1940s (Kaufmann, 1939) , color provides emphasis
(Figure 13). The size differential of the nurse against the smaller elements in the background
also provides emphasis.

Figure 13. Using color and size for emphasis.
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Unity is the overall look or coherence of a design. It is the total impact, accomplished
through color harmony, structural order, style, typography, and texture. This example (Figure
14) uses a monochromatic pallet of green to produce color harmony and overall unity. The
image displayed is the monochromatic illustration for the cover of a trade publication (The
Radford Architectural Company, 1908) Reprinted under a Creative Commons License Deed.

Figure 14. Using color harmony for overall unity.

Design Considerations for Typography and Text
Through the careful arrangement of the type on the page and its size, style weight, and
other specifications, effective communication through text and images is accomplished.
Successful use of these tools makes messages easy to recognize and absorb. Ryan and Conover
(2004) stated that everything including the art, typography, design, color, and style, should
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work together in unity to reinforce the message. The ideal textual message is not only easy to
read but visually engaging. Design considerations for textual materials have evolved in the
printing and graphic design industry, some dating back to medieval time, and others proposed
based on or validated by modern research in advertising, marketing, design, and education. The
first of these considerations is the page layout.
Ideal Page Layout Characteristics
There are three rules of page layout based on the Golden Mean or the Golden Ratio. Primarily,
the aspect ratio of the page should be 1: 1.618 or devised by the formula a: b = b: (a + b) (Kane,
2002). The height of the text field should equal the width of the full page. The margins should
be wide. The ideal formula for margins in the printing industry is that the top margin should
equal 1.5 units, the side margins 2.0 units, and the bottom margin 3.0 units. For example, in an
8.5” by 11” page the top margin should be 1.5 inches, the side margins should be 2.0 inches
each unless it is a two-page spread and then the gutter or inside margin should be 1.0 unit or
1.0 inches in this case. The bottom margin should be 3.0 inches. Using this formula, the text
occupies approximately 40% of the page. Current textbooks use much smaller margins,
between 1 and 1.5 inches, and are usually equilateral except for the binding edge. Figure 15
shows an example of two-page layouts. One the left is a diagram showing a grey area where
text will be applied in the 40% ratio. The layout on the right is an image of page 43 in the book
Exploring Publication Design, 1E. © 2006 Delmar Learning, a part of Cengage Learning, Inc.
Reproduced by permission. www.cengage.com/permissions (Evans, 2006).
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Figure 15. 40% Text layout compared to typical textbook page.

This formula is used as a guide for hand held books. The European page size system of A0 to A6
is based on a ratio of 24:34, which is an example of the Golden Ratio. Figure 16 shows the
relationship of A0 through A6 page sizes to each other.
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Figure 16. European page sizes based on the Golden Ratio.

Ideal Text Readability Characteristics
There are several general guidelines concerning the readability characteristics of the
text itself. A typeface should maximize the readability of the text and express contemporary
aesthetics. Tinker & Paterson (1929) reported that line lengths between three inches and three
and a half inches were ideal. A rule of thumb is to keep the line length between 35 and 65
characters. Designers have also referred to this as the “2.5 alphabets” rule, because 2.5 x 26
letters is 65 characters. In some of the most common electronic typefaces used today 2.5
alphabets might look like those displayed in Figure 17.
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Abcdefghijklmnopqrstuvwxyzabcdefghijklmnopqurstvwxyzabcdefghijklm
Times New Roman (12pt)

Abcdefghijklmnopqrstuvwxyzabcdefghijklmnopqurstvwxyzabcdefghijk
Palatino Linotype (12 pt)

Figure 17. 2.5 Alphabet length line of text in three common fonts.

Font size is also a concern. Font sizes are measured in points. There are 72 points in an
inch. The true size of a letterform can vary though, according to typographical family because
the font size designation is a reference to the old method of casting type in metal blocks or
bases, and the measurement is based on the height of the metal base not the letterform upon
it. Graphic designers consider paragraph text sizes to range from 10 to 12 points. This formula
takes into consideration the common sizes of body text to be no larger than 12 points. The
(British Dyslexia Association, 2009) suggests that for optimal word recognition and ADA
accessibility the size range should be slightly larger at 12 to 14 points. This recommendation
allows for a little larger than normal font to aid the reader in letter recognition. Figure 18 shows
the difference between a line of representative text set in 12-point type and in 14-point type.
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Abcdefghijklmnopqrstuvwxyzabcdefghijklmnopqurstvwxyzabcdefghijklm
Arial (12 pt)
Abcdefghijklmnopqrstuvwxyzabcdefghijklmnopqurstvwxyzabc
Arial (14 pt)

Figure 18. Text set in 12-point type and in 14-point type.

Another font characteristic discussed is the shape of the individual letterforms. For
maximum readability the font should be rounded, and have adequate space between the
letters. It is a generally held assumption among designers that san serif fonts are easier to read
than ones with serifs. Examples of san serif fonts are Arial, Comic Sans, Verdana, Helvetica,
Tahoma, or Trebuchet because they are good examples of rounded fonts with adequate space
between letters. Figure 19 shows an example of four san serif fonts.
Arial:

Abcdefghijklmnopqrstuvwxyzabcdefghijklm

Comic Sans:

Abcdefghijklmnopqrstuvwxyzabcdefghijklmn

Verdana:

Abcdefghijklmnopqrstuvwxyzabcdefghijkl

Tahoma:

Abcdefghijklmnopqrstuvwxyzabcdefghijklm

Figure 19. Suggested san-serif fonts.
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Principles of Design, Instructional Materials, and Multimedia Learning
The purpose of producing instructional materials is to communicate information.
Engaging, organized, easy to read, and aesthetically pleasing information may entice learners to
attend to it more effectively than a less enticing version of the same information.
Educational researchers have proposed some general guidelines to follow in producing
examples of ideal text-based training materials. There are also theoretical constructs in the field
of graphic design that outline fundamental design principles governing page layout and design
of printed materials. These include universal principles such as (1) Balance, (2) Proportion, (3)
Rhythm, (4) Emphasis, and (5) Unity, to achieve an aesthetically pleasing result that is easily
readable and successfully communicates the message to the intended audience.
Multimedia design theory defines best practices for arranging visual elements for
inclusion in texts to maximize delivery of the message. These graphics design principles apply to
layouts containing text and image elements. In the last five years, corporate training research
has added guidelines and defined characteristics for effectively designing training materials that
employ narrations, sound, animation, or movies. Thus, the present study investigates
differences in student learning of a computer-based procedural task due to (1) the design of the
training materials, (2) prior knowledge, or (3) spatial ability, or a combination of those three
independent variables, as mentioned previously in the research questions. The present study,
which includes custom-designed instructional materials, will adhere to visual communications
best practices research in designing the four conditions of the instructional materials in order
that the most effective example of each Instructional Material Condition is used in the study.
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The following illustration is an example of an analysis of Graphics Principles of Design applied to
a page of the custom-designed Instructional Materials.

Figure 20. Example of a Principle of Graphics Design Page Analysis.
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In this representative page, The Rule of Thirds is indicated in red, and the two color
illustrations are placed near the intersections of lines on the right of the page. On the left of the
page, the intersections are near the beginning of the chunked lists. Both placements indicate
that the information is of importance. The green arrowed line is the indication of the “Z”
reading pattern for occidental cultures. Notice that the horizontal top of the “Z” pattern leads
the reader to see the header for the document then leads the reader down the page in a left
diagonal through the chunked list and illustrations to the bottom of the page and the page turn.
The main information divided into chunks of 3-5 items or steps is accompanied by illustrations
that show the steps, as they would be performed on the computer screen. The illustrations
were chosen for their ability to convey location of the tools and sequence of the steps. An
arrow that shows where it corresponds to the illustration accompanies each step in the listing.
All text on the page is at least 12-point type, and some of it is larger than that. Colored images
were chosen for their clarity in displaying the results of the process. The amount of characters,
words, and images on the page were purposefully kept as brief as possible and surrounded by
maximum white space in order provide the essential information while limiting the cognitive
load.
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CHAPTER 2

METHOD

Participants
The participants for this study will be approximately 36 sophomore and junior students
in two sections of an undergraduate introductory three credit-hour graphics computer-literacy
course. See Appendix A for instructor’s consent form. Both males and females will be included,
and the age range will be restricted to students over the age of 18 for this undergraduate
sample. Each will sign a voluntary consent form.
Research Design
The research format is a 2 x 2 x 4 mixed model design with two between-subjects
independent variables and one within-subjects independent variable. The between-subjects
independent (categorical) variables will be Prior Knowledge with (1) below median vs. (2) above
median knowledge levels, and Spatial Ability with (1) below median vs. (2) above median spatial
abilities levels. The within-subjects independent variable will be Instructional Material
Conditions with (A) Traditional Textbook with Still Images, (B) Modified Text with Integrated
Still Images, (C) Onscreen Modified Text with Silent Onscreen Video, and (D) Onscreen Narrated
Video. This within-subjects independent variable is repeated measures in which the four
instructional material conditions (A, B, C, D) will be counterbalanced. Thus, in this
counterbalanced set of conditions, the order of the tasks (1, 2, 3, 4) would be the same for each
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participant, but the order of the Instructional Material Conditions will be all possible ordered
sequences of (A, B, C, D) or (B, C, D, A), (C, D, A, B), (D, A, B, C).
This counterbalancing arrangement would yield a fair comparison among the
Instructional Material Conditions. The dependent variables will be (1) Time to Complete, (2)
Correct Responses, (3) Errors, and (4) Can Do. These dependent variables are further defined in
the subsequent section on Procedure. This 2 x 2 x 4 research design is illustrated in Table 2.

Table 2
Research Design, 2 by 2 by 4 Mixed Model with Three Independent Variables (IV) and Four
Dependent Variables (DV)
Prior Knowledge

Spatial Ability

(Categorical IV)

(Categorical IV)

Instructional Material Conditions (IV)
A

B

C

D

Low
Low
High
High

Low

Note 1: Condition A. Traditional Textbook with Still Images
Condition B. Modified Text with Integrated Still Images
Condition C. Onscreen Modified Text with Silent Onscreen Video
Condition D. Onscreen Narrated Video
Note 2: The four Conditions will be counterbalanced with four Tasks so that each Condition will
be measured under different (fair-testing assortment) materials.
Note 3: DV 1. Time to Complete
DV 2. Correct Responses
DV 3. Errors
DV 4. Can Do
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The counterbalanced arrangement of Four Conditions with Four Tasks is illustrated in Table 3.

Table 3
Counterbalanced Four Tasks with Four Conditions
Person

Task (1, 2, 3, 4) / Condition (A, B, C, D)

1

1A

2B

3C

4D

2

1B

2C

3D

4A

3

1C

2D

3A

4B

4

1D

2A

3B

4C

5

1A

2B

3C

4D

6

1B

2C

3D

4A

7

1C

2D

3A

4B

8

1D

2A

3B

4C

9

1A

2B

3C

4D

10

1B

2C

3D

4A

11

1C

2D

3A

4B

12

1D

2A

3B

4C

Continued as appropriate for the Number of Participants
Note 1: The four Tasks (1, 2, 3, and 4) involve different materials designed to allow fair testing
of each participant across the four Conditions (A, B, C, D).
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Instructional Materials
There are four Instructional Material Conditions. These are (A) Traditional Textbook with
Still Images, (B) Modified Text with Integrated Still Images, (C) Onscreen Modified Text with
Silent Onscreen Video, and (D) Onscreen Narrated Video. Condition A, consisting of “Traditional
Textbook with Still Images “will be selected for each of the Tasks (1, 2, 3, 4). The pages in the
training booklet for Task 1, Condition A appear in Figures 21 and 22.

Figure 21. Cover page and Page 2 of the Task 1A Booklet (Adobe Creative Team, 2007) .
Reprinted by permission of Pearson Education, Inc.
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Figure 22.

Page 3 and 4 of the Task 1A Booklet (Adobe Creative Team, 2007). Reprinted by

permission of Pearson Education, Inc.

In Figures 21 and 22 Instructional Material Conditions A –Task1A (Traditional Textbook
with Still Images) is illustrated. The booklet employs an embedded copy of a typical textbook
page. The embedded page describes the procedure. It consists of an introductory paragraph
followed by a numbered list of steps with a picture showing the results of step three, followed
by an image of a dialog box related to step four. The second embedded page continues with
step five, followed by the image showing the results of step five, followed by the continuing
instructions for step six. Booklet instructions beneath the embedded page image instruct
participants not to continue until directed to do so. Booklet Page 4 contains the instructions for
completing the recall and transfer test for Task 1A. Note that the images in the embedded
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pages often show the result of the procedural step and do not visually show the action. The
participant is also provided with a sample digital image file with which to practice the same
procedure described in the training materials.
Condition B consists of “Modified Text with Integrated Still Images” and will be designed
for each of the four Tasks (1, 2, 3, and 4). An example of the pages in the Task 1, Condition B
training booklet is shown in Figures 23 and 24. In the figures, Instructional Material Conditions
B (Modified Text with Integrated Still Images) is illustrated showing instructional pages with the
procedure steps divided into three manageable chunks. Each chunk consists of three or four
numbered steps with an accompanying transformational illustration. There are arrows directing
the participant’s attention from each numbered step to the part of the illustration that relates
to the action described in the step. To maximize the effectiveness of the materials design, care
was taken to place text on the left side of the page with the illustrations following on the right
in accordance with the common “Z” reading pattern. The participant also has a digital image file
with which to practice the same procedure described in the training materials.
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Figure 23. Cover page and Page 2 of the Task 1B Booklet (Adobe Creative Team, 2007) .
Reprinted by permission of Pearson Education, Inc.
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Figure 24. Page 3 and 4 of the Task 1B Booklet.
The participants are instructed at the bottom of page 3 not to continue until directed to do so.
Page 4 contains the instructions for completing the recall and transfer test for Task 1B.
Condition C consists of “Onscreen Modified Text with Silent Onscreen Video” and
designed for each of the four Tasks (1, 2, 3, and 4). In Figures 25 and 26, Instructional Material
Conditions C (Onscreen Modified Text with Silent Onscreen Video) is illustrated showing a single
page with instructions directing the participant to view the Onscreen Silent Training Video.
Figures 25 and 26 display the training booklet pages and a screenshot of the video for Task 1,
Condition C. The onscreen video demonstrates the actions of the procedural steps. The student
accesses the video content by clicking on a file link on the computer desktop. The participant
can replay the video. The participant is also provided with a sample digital image file with which
to practice the same procedure that is described in the training video.
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Figure 25. Cover page and Page 2 of the Task 1C Booklet.
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Figure 26. Screenshot of the Task 1C Training Video and Page 3 of the Task 1C Booklet.
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Condition D consists of “Narrated Onscreen Video” and is designed for each of the four
Tasks (1, 2, 3, and 4). An example of the training booklet for Task 1 Condition D is shown in
Figures 27 and 28 illustrate the Instructional Material Conditions D

Figure 27. Cover page and Page 2 of the Task 1D Booklet.

(Narrated Onscreen Video) showing a single page with instructions directing the participant to
view the Onscreen Narrated Video. The video demonstrates the actions of the procedural steps.
The student accesses the video content by clicking on a file link on the computer desktop. The
participant can replay the video. The participant is also provided with a sample digital image file
with which to practice the same procedure that is described in the training video.
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Figure 28. Screenshot of the Task 1D Training Video and Page 3 of the Task 1D Booklet.
(Adobe Creative Team, 2007) . Reprinted by permission of Pearson Education, Inc.
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A Spatial-Ability Pretest will be administered to each participant. An example of the
pages in the Spatial Ability Pretest booklet is shown in Figures 29, 30, and 31.

Figure 29. Cover page and Page 2 of the MRT (Mental Rotation Test) Booklet.

Figure 30. Page 3 and Page 4 of the MRT (Mental Rotation Test) Booklet.
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Figure 31.

Page 5 of the MRT (Mental Rotation Test) Booklet.

A Prior Knowledge pretest will be administered consisting of ten multiple-choice
questions about the four tasks. An example of the pages in the Prior-Knowledge Pretest booklet
is shown in Figures 32 and 33.
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Figure 32.

Cover page and Page 2 of the Pretest Booklet.

Figure 33. Page 3 and 4 of the Pretest Booklet.
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Procedure
Participants were recruited via their enrollment in a Graphics computer literacy course.
See Appendix B for West Virginia University IRB approval and Fairmont State University and
Pierpont Community and Technical College Approval. There were two administrations of the
experimental procedures. The investigator conducted both sessions with two helpers. There
were 19 students enrolled in the first class and 18 students enrolled in the second class. On the
administration day eight students attended the first class and all eight participated in the study.
In the second class 12 students attended and all students participated in the study. Therefore
the original number of participants in this study was 20. In the first class, participants filled
seats 101, 102, 103, 104, 105, 106, 107, and 108. Their seat numbers became their participant
numbers. In the second class the same system was used with the exception of seat number
210. The participant in seat 209 was hearing impaired and her note taker sat in seat 210. The
note taker remained in attendance but did not assist the participant during the data collection.
Room Set-up, data collection for each participating class occurred during the students’
regularly assigned class time. All data was collected at one administration in one day. Computer
workstations were employed at each station was assigned a participant number. Participants
were instructed to fill the seats near the front of the room first and not to leave any empty
spaces the computers were numbered as described in Table 4.
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Table 4
Participant Number at Workstations
Front of Room
101/201 102/202 103/203 104/204

Aisle

105/205 106/206 107/207

108/208

109/209 110/210 111/211 112/212

Aisle

113/213 114/214 115/215

116/216

117/217 118/218

Aisle

119/219

Note 1: In the first class participants occupied workstations 101-108. In the second class,
participants occupied workstations 201-209 and 211-213.

Workstation Set Up included labeling each of the stations with the two participant
numbers. 100-level numbers identified a session-one-participant and 200-level numbers
identified a session-two-participant. On the desk at the base of the computer monitor facing
the participant, a 3 x 3 inch label displayed the participant number. An identical set of numbers
affixed to the back of the monitors assisted the helpers in pairing numbered test packets with
corresponding workstations. The identically formatted computer monitors each displayed two
desktop folders. The numerically labeled folders corresponded with the participant numbers for
that workstation. Each folder contained only the materials necessary for that participant’s
version of the training and testing materials. The materials schedule follows in Table 5.
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Table 5
Materials Schedule for Computer Workstations.
“ A “ Testing Packet Participant

(1)Task3C_Silent_Training_Video,

Folders: 101, 105, (2)Task4D_Narrated_Training_Video_WO_callouts,
109, 113, 117,

(3)Task_1_Test_Image, (4)Task_1_Training_Image,

201, 205, 209,

(5)Task_2_Test_Image, (6)Task_2_Training_Image,

213, 217

(7)Task_3_Test_Image, (8)Task_3_Training_Image,
(9)Task_4_Test_Image, (10)Task_4_Training_Image

“B” Testing Packet

Participant

(1) Task2C_Silent_Training_Video,

Folders: 102, 106, (2) Task3D_Narrated_Training_Video_WO_Callouts,
110, 114, 118,

(3)Task_1_Test_Image, (4)Task_1_Training_Image,

202, 206, 201,

(5)Task_2_Test_Image, (6)Task_2_Training_Image,

214, 218

(7)Task_3_Test_Image, (8)Task_3_Training_Image,
(9)Task_4_Test_Image, (10)Task_4_Training_Image

“C” Testing Packet

Participant Folder: (1) Task1C_Silent_Video_Training,
103, 107, 111,

(2) Task2D_Narrated_Training_Video_WO_Callouts,

115, 119, 203,

(3)Task_1_Test_Image, (4)Task_1_Training_Image,

207, 211, 215, 219 (5)Task_2_Test_Image, (6)Task_2_Training_Image,
(7)Task_3_Test_Image, (8)Task_3_Training_Image,
(9)Task_4_Test_Image, (10)Task_4_Training_Image
“D” Testing Packet Participant Folders: (1) Task1D_Narrated_Video_Training,_WO_Callouts,
104, 108, 112, 116, (2) Task4C_Silent_Training_Video,
200, 204, 208, 212, (3)Task_1_Test_Image, (4)Task_1_Training_Image,
216, 220

(5)Task_2_Test_Image, (6)Task_2_Training_Image,
(7)Task_3_Test_Image, (8)Task_3_Training_Image,
(9)Task_4_Test_Image, (10)Task_4_Training_Image
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Headsets were provided for each WorkStation. New ear bud type headsets were
provided for each class’s administration of the testing. Some participants used their own
personal ear buds instead. It is common for students to use ear buds in the regularly scheduled
class to review training videos and to listen to personal music files while completing design
work in class.
Introduction to the Study was orally presented and a written summary was given to
each participant once all participants arrived. See Appendix C for the Recruitment Script. The
voluntary consent form was explained and the participants were given the opportunity to sign
the voluntary consent form or to leave. The consent forms were collected. See Appendix D for
the Voluntary Consent Form. When all questions were answered, the pre-numbered testing
packets were distributed. The numbering system on the packets corresponded to the seating
numbers at the workstations thus ensuring the counterbalancing of materials. The
counterbalancing was set up as previously described in Table 3.
Instructions and testing materials were arranged sequentially in each participant’s
packet. Each training session and testing session was timed with a stopwatch, and time
prompts were given orally and visually by hand signals. Each training session was timed for 7
minutes with prompts given at (1) start, (2) 4 minutes left, (3) 2 minutes left, (4), and (5) stop.
The participants were prompted orally and in a text statement at the bottom of the training
page not to turn the page to the test until instructed to do so. Testing for each task immediately
followed the training for that task, contained a parallel task and reference to the training
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materials was prohibited during the testing. Testing was timed and prompted in the same
manner as the training. The tests were limited to 5 minutes. Each test was timed with a stop
watch and oral prompts given at (1) start, (2) 3 minutes left, (3) 2 minutes left, (4) 1 minute left,
and (5) stop.
Helpers assisted at each test collection session. The same two helpers assisted both
times. Both were trained together before the sessions. A printed summary of the training was
also provided to them. See Appendix E for the Helper Training Sheet. Both helpers were adjunct
instructors in the graphics program, familiar with the computer workstations and competent to
assist with any technical difficulties that might arise.
Screen Recording Software Training was conducted for participants after they signed
the consent form. The participants were trained to start and stop the data collection software
Jing by Techsmith. The interface had been pre-programmed to save the screen recordings of
the students’ tests to a folder on the desktop that was numbered the same as the workstation
number. Students were able to practice starting and stopping the screen capture procedure
before beginning the data collection.
Participant Folders were copied to a jump drive at the end of each testing session.
Participant folders from session one were removed from the desktops prior to beginning the
session two data collection. This insured the integrity of each data folder. When the data
collection process was completed all the data was backed up from the jump drive to the
researcher’s desktop hard drive and to an additional external hard drive.
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Data Collection
The Mental Rotation Test (MRT) is a spatial ability inventory. Mental rotation tests are
often used as aptitude tests to estimate the capacity of three-dimensional thinking and spatial
ability. The classical Mental Rotation Test (MRT) used in this study is a cognitive test where a
number of similar, three-dimensional, geometric figures are presented on paper to a test
subject. These figures are rotated in different dimensions in relation to each other in a specific
amount of degrees (e.g., 0º, 60º, 120º, or 180º). The subject is then supposed to determine
whether any of the figures are identical. There are two correct responses in each set. To be able
to decide if two figures are identical or not, the subject had to perform a mental rotation of the
figures. Participants had three and a half minutes to complete the ten questions by circling the
correct responses in the testing booklet. Images of the booklet were previously shown in
Figures 29, 30, and 31. See Appendix F for the Testing booklet used in the current study.
Completed MRT test booklets were collected by the Investigator and helpers. The MRT results
were used to sort the subjects into high and low spatial ability groups.
The Mental Rotations Test (Vandenberg, 1978), was based on the Shepherd-Metzler
mental rotations test (1971). Vandenberg’s measure contained 20 items in 5 sets of 4 items.
Each item consists of a criterion figure, two correct alternatives, and two incorrect ones. Half of
the items are mirror-images and half are rotated images. It takes about 10 minutes to
administer and has been used with college students, high school students, and elementary
students. It may be used to study the development of spatial ability. In a large sample (3,268
subjects), the test displayed a substantial internal consistency (Kuder-Richardson 20 = .88), in a
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sample of 336 subjects a test-retest correlation of .83 was reported and was consistent with
other measures indicated strong association with test of spatial visualization and virtually no
association with tests of verbal ability. The test has been used with a sample of 197
undergraduate students with shortened time limits. The test was divided in half, using only 10
test items and shortening the time to 3.5 minutes. In that study, the test was statistically
significant at the < .01 level.
Prior Knowledge test booklets (previously shown in Figures 32 and 33) were distributed
after completing the MRT. See Appendix G for the Prior Knowledge Test Booklets. Participants
had ten minutes to take the Prior Knowledge Pretest. This is a paper and pencil test consisting
of ten multiple-choice questions. These questions measure the extent of a subject’s specific
prior knowledge of the information or concepts contained in the content testing materials.
Participants circled the correct response on the test booklet. The Investigator and helpers
collected the completed Prior Knowledge test booklets. The results were used to sort the
subject pool into high and low Prior Knowledge groups.
The Tasks test booklets were distributed next. The Participants had seven minutes to
complete the training for Task 1 and then had five minutes to complete the testing for Task 1.
Task 1 consisted of applying an automatic color adjustment to an image using an image editing
computer software program. The participant had seven minutes to review the training lesson.
There were four different conditions of the lesson distributed to the participants. They were (A)
Traditional Textbook with Still Images (Figures 21 and 22), (B) Modified Text with Integrated
Still Images (Figures 23 and 24), (C) Onscreen Modified Text with Silent Onscreen Video (Figures
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25 and 26), and (D) Onscreen Narrated Video (Figures 27 and 28). Detailed descriptions and
images of the training materials are shown in Figures 21 through 28. Actual training materials
are included in Appendix H (Task 1;A, B, C, D), Appendix I (Task 2; A, B, C, D), Appendix J (Task 3;
A, B, C,D) , and Appendix K (Task 4; A, B, C, D). During the training phase, the participant was
provided with a computer, the image editing software, and the sample digital image file with
which to practice the skill. See Table 6 for a chart of the lengths of the training videos.

Table 6
Duration of Training Videos
Training Video

Duration

Task 1-Onscreen Modified Text with Silent Onscreen Video

0:03:17;24

Task 1-Onscreen Narrated Video

0:03:17;24

Task 2-Onscreen Modified Text with Silent Onscreen Video

0:02:14;24

Task 2-Onscreen Narrated Video

0:02:14;24

Task 3-Onscreen Modified Text with Silent Onscreen Video

0:03:34;27

Task 3-Onscreen Narrated Video

0:03:34;27

Task 4-Onscreen Modified Text with Silent Onscreen Video

0:04:22;00

Task 4-Onscreen Narrated Video

0:04:22;00

Note 1: The Duration of each video for a numbered task is the same in Narrated or Silent
because the video track is identical.

Text, Graphics and Multimedia 64

There was a numbered file folder on the computer desktop for saving the files. When the seven
minutes of training were complete, each participant was instructed to close the training section
of the booklet and open the testing page. Each participant had five minutes to apply the newly
trained skill to a novel digital image and save the file to the designated desktop folder.
Participants were not permitted to refer back to the training materials during the parallel
testing segment. Estimated completion time base upon observations of similar tasks performed
in photo editing classes by graphics students, was two to three minutes. During the testing
phase of this task, screen recording software recorded all movements on each computer screen
so that the order of the steps, timing, and errors could be measured for each participant. The
screen recordings were saved in the designated folders on the desktop and were analyzed later
to obtain measurements or counts for the dependent variables: (1) Time to Complete, (2)
Correct Responses, (3) Errors, and (4) Task Completion, or Can Do. Each subsequent task (2, 3,
and 4) followed the same training and testing pattern.
After completing all four tasks, the Participants were debriefed by the Investigator and
then departed. All participants except Participant 213 attempted all tasks as observed by the
researcher and helpers at the data collection sessions. Participant 213, after completing the
Prior Knowledge pretest and the Mental Rotations test, browsed the Internet from their
workstation instead of participating in the remaining data collection. This participant remained
at the workstation until the data collection session ended but did not attempt any of the four
tasks. Therefore, there are no scores for Participant 213 on Instructional Materials Conditions
2A, 3B, 4C, or 1D.
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Time to Complete each task for each participant was recorded as a real-time recording
of the computer screen as the student completed the task. That time was written on the
scoring forms as it appeared in the video in the format “Minutes: Seconds; Frames Recorded.”
The data was converted to seconds and rounded to the whole number then recorded in
columns on the data spreadsheet.
Data Analysis
Inter-Rater Reliability for scoring the four tasks was addressed by selecting three
observers to each code the screen recordings of the same 10% of the Participant’s completed
tasks. The observers were selected based on their availability for participation in the study and
their high level of familiarity with the image editing software program used by the Participants
to complete the computer tasks. Each of the observers had previous experience in using and
teaching the use of the image-editing program. Two of the observers were adjunct faculty
members who assisted in collecting the data and the third was a recent graduate of the
graphics program with two years of graphics industrial experience. Coding training was
conducted in a group with all three observers. Examples of the scoring rubrics were used to
practice coding dummy data. See Appendix L for an example of the training materials. The
results from the observer’s practice coding were evaluated by the researcher and based on the
inter-rater reliability of their coding. Inter-rater reliability was calculated by the total number of
agreements between the three observers divided by the total number of observations and
multiplied by 100. Observer training continued until 90% inter-rater reliability was achieved. An
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example of the coding rubric is shown in Figure 34. A copy of the entire coding rubric is located
in Appendix M.
Participant anonymity was protected by assigning numerical identifiers. Participants in
the first administration were assigned numbers 101, 102, 103, and so forth. Participants in the
second administration were assigned numbers 201, 202, 203, and so forth. All participants
answered each question of the Mental Rotations Tests. A complete data set was collected.

Figure 34. Sample Coding Rubric.

The Independent Variable Spatial Ability (MRT) was scored according to the answer key
in the test manual, the data was described as raw scores, and results transferred to summary
data sheets. Data was entered into the database management program. The raw scores were
used to identify the participants as having High Spatial Ability or Low Spatial Ability by
comparing the raw scores to the median. The median is that point in a distribution above and
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below which are 50% of the scores. All scores below the median were coded as 0, and all scores
of above the median were coded as 1. These scores divided the participants into two groups (1)
Participants with a High Spatial Ability and (2) participants with a Low Spatial Ability.
The Prior Knowledge Test was scored by comparing the objective items against an
answer key. See Appendix N for the answer key. All participants answered each question. A
complete data set was collected. The raw scores were transferred to summary data sheets.
Data was entered into the database management program. Correct answers were coded as 1
and incorrect answers coded as 0 for each individual question. Each participant’s total score
was compared against the median. All scores below the median were coded as 0, and all scores
above the median were scored as 1. These scores divided the participants into two groups; (1)
participants with a high level of prior knowledge and (2) participants with a low level of prior
knowledge. The Prior Knowledge pretest was developed by this researcher and a colleague for
use in the current study. The 10 questions were selected from the Final Exam Test bank of
questions developed for an undergraduate image-editing course that both instructors teach.
The test bank was aligned with the Adobe Photoshop CS3 textbook used in the course. That
course book provided the basis for the Traditional Textbook Condition (A) for all four
Instructional Materials tasks. Four independent raters scored the alignment of the individual
test questions to the content of the four Instructional Materials tasks using a 5-point Likert
scale where 1 = does not measure the concept, and 5 = measures the concept well. Each
question was matched to task content. Table 7 illustrates the content pairing. Appendix O
contains the Prior Knowledge Pretest Validity Instrument. The mean score for 4 raters on the

Text, Graphics and Multimedia 68

total questions on a 5-point scale was 46.5, so there was a 93% agreement that the questions
were appropriately assessing the assigned topics.
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Table 7
Content Pairing of Prior Knowledge Pretest and the four Tasks
Test

Task

Description

Item
1

Task 1: Step 4

Prior knowledge of the location of the
Shadows/Highlights tool

2

Task 2: Steps 4, 5, 6, 7

Prior knowledge of the use of the Crop tool

3

Task 3: Steps 6, 7, 8,

Prior knowledge of the Levels drop-down menu

4

Task 2: Step 3

Prior knowledge of the identification of the crop tool
icon

5

Task 4: Step 3

Prior knowledge of the identification of the healing
brush

6

Task 1: Step 3, 4, 5

Prior knowledge using and interpreting the levels
histogram

7

Task 4: Step 5, 6

Prior knowledge of image retouching using the
healing tool

8

Task 2:

Prior knowledge of advanced capabilities of the crop
tool

9

Task : 4

This question assesses a knowledge point at the
intermediate skill level

10

Task : 2

Prior knowledge of the appropriate tool for removing
color cast
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The Data for the Dependent Variables were recorded as follows: (1) Time to Complete
was collected in minutes and seconds; (2) number of Correct Responses were counted; (3)
number of Errors were counted; (4) whether the participant Can Do /Cannot Do the procedure
was coded numerically, 0 = Cannot Do and 1 = Can Do. For each Task (1, 2, 3, 4) a rubric
detailing key sequential steps was constructed. These rubrics were used to score the test
videos. Each video was viewed and the completion times, correct responses, and errors were
noted and recorded on a summary cover sheet. For Task 1 the total possible correct responses
were nine. For Task 2 the total possible correct responses were nine. For Task 3 the total
possible correct responses were 11. For Task 4 the total possible correct responses were 17. For
all correct response scores a percent correct score was computed. Since the conditions (A, B, C,
D) were the dependent variable and the tasks (1, 2, 3, 4) were the repeated measure, a percent
score was needed for statistical analysis instead of a raw count in order to allow comparisons
across the counterbalanced cases.
Scoring Error Counts for Tasks 1, 2, 3, and 4 were accomplished by counting one error
for each mouse click or keyboard action that did not progress toward the sequential steps as
prescribed in the instructions and listed on the scoring rubric. It was critical in these tasks that
the steps be performed in order. A description of common errors was included in the scoring
training materials so that all raters could score using the same definitions. A score of Can Do
was recorded if the participant was successful in completing the task regardless of the number
of errors in the sequence of steps. A score of Cannot Do was recorded if the task was not
completed.
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The data set was imported into SPSS, a computerized statistical analysis software
package. Means, standard deviations, and frequencies were reported. A statistical significance
of p < .05 was used. A 2 by 2 by 4 mixed model analysis of variance (ANOVA) was computed for
each of the three continuous dependent variables, (1) Time to Complete, (2) Correct Responses,
(3) Errors. In each of these ANOVAs, Prior Knowledge (low versus high) was a between-subjects
independent variable, Spatial Ability (low versus high) was a between-subjects independent
variable, and Instructional Material Conditions (A, B, C, D) was a within-subjects independent
variable. Thus, a three-way mixed-model ANOVA was computed for Time to Complete (DV1),
Correct Responses (DV2), and Errors (DV3). Each of these ANOVAs will yield a main effect for
Prior Knowledge, a main effect for Spatial Ability, a main effect for Instructional Material
Conditions, two-way interaction (3 of them), and the three-way interaction. Multiple
comparisons (Tukey Test) were computed as necessary following statistically significant effects.
For example, a statistically significant finding for the Instructional Material Conditions main
effect would require a multiple comparisons test. In addition, a statistically significant finding
for the Spatial Ability by Prior Knowledge interaction would require multiple comparisons test.
A 2 x 2 x 4 Chi Square analysis was used to interpret the effects of the independent variables on
the Can Do dependent variable. This Can Do (Can Do vs. Cannot Do) dependent variable is
dichotomous and can be appropriately interpreted using Chi Square. Tables and graphic
interpretation will be presented. The statistical results will be interpreted and discussed to
provide implication for educational application.
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CHAPTER THREE

RESULTS

Purpose
The purpose of this study was to compare student learning of computer-based
procedural tasks and the effects of Prior Knowledge and Spatial Ability on the student learning.
The dependent variables of (1) Time to Complete, (2) Correct Responses, (3) Errors, and (4) Can
do were used to measure the within-subjects independent variable of instructional material
conditions with four counterbalanced repeated measures (A) Traditional Textbook with Still
Images, (B) Modified Text with Integrated Still Images, (C) Onscreen Modified Text with Silent
Onscreen Video, and (D) Onscreen Narrated Video. The effects of Prior Knowledge and Spatial
Ability on student learning of computer-based procedural tasks were investigated as betweensubjects independent variables. Scores for participant’s Prior Knowledge and Spatial Ability
were collected first, and then the dependent variable scores were collected. The data for the
dependent variables consisted of scores based participants’ screen recordings while completing
the four counterbalanced tasks. The researcher coded the screen recordings and three
additional raters scored ten percent of the recordings for reliability. The data for the
independent variables consisted of scores based on (1) Mental Rotations Test and the (2) Prior
Knowledge Pretest.
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Descriptive Data
This section provides a summary of the descriptive data for the participants’ scores in the study.
The descriptive data include the (1) Time to Complete, (2) Percent Correct, (3) Errors, (4) Can
Do counts for each of the four repeated measures, (5) high and low Spatial Ability ratings and
(6) high and low Prior Knowledge ratings.
Means, Standard Deviations, and frequencies were reported. A statistical significance of
< .05 was used. A 2 x 2 x 4 mixed model analysis of variance (ANOVA) was computed for each
of the three continuous dependent variables, (1) Time to Complete, (2) Correct Responses
(Percent Correct), and (3) Errors. In each of these ANOVAs, Prior Knowledge (low versus high)
was a between-subjects independent variable, Spatial Ability (low versus high) was a betweensubjects independent variable, and Instructional Material Conditions (A, B, C, D) was a withinsubjects independent variable. Thus, a three-way mixed-model ANOVA was computed for Time
to Complete (DV1), Correct Responses (DV2), and Errors (DV3). Each of these ANOVAs was
evaluated for a main effect for Prior Knowledge, a main effect for Spatial Ability, a main effect
for Instructional Material Conditions, two-way interaction (3 of them), and a possible three-way
interaction. Multiple comparisons (Tukey Test) may be computed as necessary following
statistically significant effects. For example, a statistically significant finding for the Instructional
Material Conditions main effect would require a multiple comparisons test. In addition, a
statistically significant finding for the Spatial Ability by Prior Knowledge interaction would
require multiple comparisons tests. A 2 x 2 x 4 Chi Square analysis will be used to interpret the
effects of the independent variables on the Can Do dependent variable. This Can Do (Can Do vs.
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Cannot Do) dependent variable is dichotomous and can be appropriately interpreted using Chi
Square D The continuous dependent variables were also coded as categorical data by
comparing the scores against the median. Tables and graphic interpretation will be presented.
The statistical results will be interpreted and discussed to provide implication for educational
application.
Time to Complete data are summarized in Table 8 including the minimum and
maximum completion times in seconds. The Means and Standard Deviations for participants’
scores on Time to Complete for each of the four image editing tasks are arranged by Condition
(A, B, C, and D).

Table 8
Descriptive Statistics for Time to Complete (DV1) as a continuous dependent variable for
Instructional Materials Conditions A, B, C, and D (IV).
N

Minimum

Maximum

Mean

Std. Deviation

Condition A

19

65

300

141.84

72.49

Condition B

19

32

300

129.84

75.29

Condition C

19

53

300

152.32

80.80

Condition D

19

29

300

135.42

83.04

Valid N (List wise)

19

Note 1: For any missing value a code of 300 was entered because all participants attempted to
complete the task. Those who were not able to complete the task used all available time for
their attempt.
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Time to Complete scores were also coded categorically for each of the four Instructional
Materials Conditions (A, B, C, D). The median scores for each condition are shown in Table 9.
Those scores above the median labeled as (1) Slower Time to Complete and those scoring
below the median labeled as (2) Faster Time to Complete.
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Table 9
Time to Complete scores (A, B, C, D) recoded into two categorical variables for each Instructional
Materials Condition (1) Slower Time to Complete, and (2) Faster Time to Complete.

Valid A

Valid B

Valid C

Valid D

Valid

Cumulative

Scores

Frequency

Percent

Percent

Percent

0

9

47.4

47.4

47.4

1

10

52.6

52.6

100.0

Total

19

100.0

100.0

0

9

47.4

47.4

47.4

1

10

52.6

52.6

100.0

Total

19

100.0

100.0

0

9

47.4

47.4

47.4

1

10

52.6

52.6

100.0

Total

19

100.0

100.0

0

9

47.4

47.4

47.4

1

10

52.6

52.6

100.0

Total

19

100.0

100.0

Note: 0 = Slower Time to Complete
1 = Faster Time to Complete
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Percent Correct data are summarized in Table 10 including the minimum and maximum
Percent Correct, Means, Standard Deviations and Variance for participants’ scores on Percent
Correct for each of the four image editing tasks arranged by Instructional Materials Condition
(A, B, C, and D).

Table 10
Descriptive Statistics for Percent Correct (DV2) as a continuous dependent variable for
Instructional Materials Conditions A, B, C, and D (IV).
N

Minimum

Maximum

Mean

Std. Deviation

A Percent Correct

19

0

100

77.97

31.82

B Percent Correct

19

0

100

79.74

25.12

C Percent Correct

19

0

100

70.20

30.96

D Percent Correct

19

0

100

70.96

36.69

Valid N (List wise)

19

Note 1: For any missing value a code of 0 was entered because all participants made an attempt
to complete the task with that participant providing no correct answers.
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Errors data are summarized in Table 11 including the minimum and maximum Error
Count, Means, Standard Deviations and Variance for participants’ Errors for each of the four
image editing tasks arranged by Instructional Materials Condition (A, B, C, and D).

Table 11
Descriptive Statistics for Errors (DV3) as a continuous dependent variable for Instructional
Materials Condition A, B, C, and D (IV).
N

Minimum

Maximum

Mean

Std. Deviation

Errors A

17

0

19

4.12

5.41

Errors B

18

0

13

1.94

3.30

Errors C

17

0

15

2.25

4.49

Errors D

16

0

11

1.13

2.71

Note 1: Missing Values were omitted case by case.
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Errors scores were also coded categorically for each of the four Instructional Materials
Conditions (A, B, C, and D). The median scores for each condition are shown in Table 12. Those
scores above the median labeled as (1) Higher Number of Errors and those scoring below the
median labeled as (2) Fewer Number of Errors.
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Table 12
Error scores ( A, B, C, D) recoded into two categorical variables for each Condition (1) Higher
Number of Errors and (2) Fewer Number of Errors.

Valid A

Valid B

Valid C

Valid D

Scores

Frequency

0

5

1

14

Total

19

0

9

1

10

Total

19

0

9

1

10

Total

19

0

9

1

10

Total

19

Note 1: 0 = Fewer Number of Errors
1 = Higher Number of Errors

Median

2.00

.50

0.00

0.00
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Spatial Ability data were obtained through the Mental Rotations Test, scored using the
provided answer key and then coded categorically. Those scores above the median (8.0) labeled
as (1) High Spatial Ability and those scoring below the median labeled as (0) Low Spatial Ability.

Table 13
Mental Rotations scores recoded into two categorical variables (1) High Spatial Ability and (2)
Low Spatial Ability.

Valid

Scores

Frequency

Percent

Valid Percent

Cumulative Percent

0

9

47.4

47.4

47.4

1

10

52.6

52.6

100.0

Total

19

100.0

100.0

Note: 0 = Low Spatial Ability
1 = High Spatial Ability

Text, Graphics and Multimedia 82

Can Do data are summarized in Table 14 including the minimum and maximum Can Do
Count, Means, and Standard Deviations for participants’ Can Do or Cannot Do for each of the
four image editing tasks arranged by Instructional Materials Condition (A, B, C, and D). Total
Can Do scores were coded categorically for the combined Instructional Materials Conditions (A,
+ B + C + D). Those scores above the median (2.63) labeled as (1) Can Do and those scoring
below the median labeled as (2) Cannot Do

Table 14
Descriptive Statistics for Can Do (DV4) as a nominal dependent variable for Instructional
Materials Condition A, B, C, and D (IV).
N

Minimum

Maximum

Mean

Std. Deviation

Can Do Sum

Can Do A

19

0

1

.58

.507

11

Can Do B

19

0

1

.79

.419

15

Can Do C

19

0

1

.63

.496

12

Can Do D

19

0

1

.63

.496

12

Note 1: Can Do = 1
Cannot Do = 0
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Research Question 1:
Are there any significant differences in student learning of a computer-based procedural
task due to the format of the training materials?
A vs. B vs. C vs. D performance on Percent Correct scores. A one-way within subjects ANOVA
was conducted to compare the effects of the Instructional Materials Conditions (A) Traditional
Textbook with Still Images, (B) Modified Text with Integrated Still Images, (C) Onscreen
Modified Text with Silent Onscreen Video, and (D) Onscreen Narrated Video on Percent Correct
scores on learning a computer based procedural task. There was no significant effect of the
Materials Condition on Percent Correct.

(3, 54) = .5,

> .05 suggesting that no differences

exist in the participants’ Percent Correct scores due to the format of the training materials. See
Table 15 for the ANOVA summary.

Table 15
Analysis of Variance for Percent Correct as the dependent variable and Instructional Material
Conditions (A, B, C, and D) as the Independent Variable.
Source

SS

df

ms

Percent

1335.52

3

445.27

Error

47723.96

54

883.78

Subjects

23340.03

18

1296.67

Total

72399.81

75

.5

.681
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A vs. B vs. C vs. D on Error Counts. A one-way within subjects ANOVA was conducted to
compare the effects of the Instructional Materials Conditions (A) Traditional Textbook with Still
Images, (B) Modified Text with Integrated Still Images, (C) Onscreen Modified Text with Silent
Onscreen Video, and (D) Onscreen Narrated Video on Error scores on learning a computer
based procedural task. There was no significant effect of the Materials Condition on Errors.
(3, 33) = 1.124,

> .05 suggesting that no differences exist in the student Error scores due to

the format of the training materials. See Table 16 for an ANOVA summary.

Table 16
Analysis of Variance for Errors as the Dependent Variable and Conditions (A, B, C, D) as the
Independent Variable
Source

SS

df

ms

Errors

56.50

3

18.83

Error

553.00

33

16.76

Subjects

243.17

11

22.11

Total

852.67

47

Note 1: Missing observations deleted list wise. N = 12.

1.12

.35
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A vs. B vs. C vs. D on Time To Complete scores . A one-way within subjects ANOVA was
conducted to compare the effects of the Instructional Materials Conditions (A) Traditional
Textbook with Still Images, (B) Modified Text with Integrated Still Images, (C) Onscreen
Modified Text with Silent Onscreen Video, and (D) Onscreen Narrated Video on Time to
Completed scores for learning a computer based procedural task. There was no significant
effect of the Materials Condition on Time to Complete.

(3, 54) = .309,

> .05 suggesting that

no differences exist in the student Time to Complete scores due to the format of the training
materials. See Table 17 for the ANOVA Summary.

Table 17
Analysis of Variance for Time as the Dependent Variable and Instructional Materials Conditions
(A, B, C, D) as the Independent Variable.
Source

SS

df

ms

5303.62

3

1767.87

Error

308842.13

54

5719.30

Subjects

129413.66

18

7189.65

Total

443559.41

75

Time

.31

.82
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A vs. B vs. C vs. D on Performance of Completing Tasks. The number of participants
completing tasks for each of the Instructional Materials Conditions (A) Traditional Textbook
with Still Images, (B) Modified Text with Integrated Still Images, (C) Onscreen Modified Text
with Silent Onscreen Video, and (D) Onscreen Narrated Video on Percent Correct scores, was
compared with a 2 Can Do x 4 Materials Conditions Chi Square. The conditions were not
significantly different from each other,
Square.

2 (3)

= 2.12,

> .05. See Table 18 for the Overall Chi
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Table 18
Overall Chi Square analysis of Can Do (DV) and the Independent Variable Instructional Materials
Condition (A, B, C, D) (Observed Frequencies)
Can Do
Condition

Yes

No

Total

Expected

Observed

Expected

Observed

A

12.5

11

6.5

8

n=19

B

12.5

15

6.5

4

n=19

C

12.5

12

6.5

7

n=19

D

12.5

12

6.5

7

n=19

df

1

1

1

1

50

38

26

Chi Square 2.12 overall (df = 3)
Total

38

N=76

Note 1: For any missing value a code of 0 was entered because for all participants an attempt
was made to complete the task. All failed attempts were coded as Cannot Do.
Note 2:Data was coded as Can Do = 1; and Cannot Do = 0
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Research Question 2:
Do individual differences in Prior Knowledge and Spatial Abilities make a difference in
student learning?
A. Are there are any significant differences in student learning of a computer-based
procedural task due to individual differences in the learner’s prior knowledge of
the subject matter?
Can Do vs. Prior Knowledge. A 2 x 2 Chi Square was conducted to compare whether
students who could do the tasks by Condition A, B, C, D, differed with respect to their Prior
Knowledge of the computer software. An overall significance was found.

2

= (1) = 8.7,

< .01

suggesting that there is a difference in Can do or Cannot Do based on Prior Knowledge of the
participant. 72% of participants who had High Prior Knowledge were able to complete a task.
Multiple comparisons revealed that for Condition B;

2

= (1) = 6.81.

< .01 was significant.
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Table 19

Chi Square analysis of Can Do (DV4) and Prior Knowledge (IV)
Can Do
Prior Knowledge

No

Yes

Total

Expected

Observed

Expected

Observed

No

19

16

19

24

n=40

Yes

19

10

19

26

n=36

df

1

1

1

1

26

38

50

Chi Square
Total

8.7 overall (df = 1)
38

N=76

Note 1: For any missing value a code of 0 was entered because for all participants an attempt
was made to complete the task. All failed attempts were coded as Cannot Do.
Note 2: Data was coded as Can Do = 1; and Cannot Do = 0.
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A. Are there are any significant differences in student learning of a computer-based
procedural task due to individual differences in the learner’s spatial abilities?
Can Do vs. Spatial Ability. A 2 x 2 Overall Chi Square was conducted to compare
whether students who could do the tasks by Conditions A, B, C, D differed with respect to their
Spatial Ability. An overall significance was found.

2

= (1) = 8.7,

< .01 suggesting that there is

a difference in Can do or Cannot do based on Spatial Ability of the participant and 70% of
participants who had High Spatial Ability were able to complete a task. Multiple comparisons
revealed that for Condition B;

2

= (1) = 7.66,

< .01 was significant in that there was a higher

number than expected that could do the task, 90 % of the participants who could do the task
also had High Spatial ability. Condition D was also statistically significant;

2

= (1) = 3.87,

=<

.05 and 80% of the participants who could do a task also had a High Spatial Ability level. 39% of
those who had Low Spatial Ability could not do the task. See Table 20 for the overall Chi Square
summary, Table 21 for the multiple comparisons for Condition B, and Table 22 for the multiple
comparisons for Condition D.
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Table 20
Overall Chi Square analysis of Can Do (DV4) and Spatial Ability (IV)
Can Do
Spatial Ability

No

Yes

Total

Expected

Observed

Expected

Observed

0

19

14

19

22

n=40

1

19

12

19

28

n=36

df

1

1

1

1

26

38

50

Chi Square
Total

8.7 overall (df = 1)
38

N=76

Note 1: For any missing value a code of 0 was entered because all participants made an attempt
to complete the task. All failed attempts were coded as Cannot Do.
Note 2: Data was coded as Can Do = 1; and Cannot Do = 0.
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Table 21
Chi Square analysis of Can Do B (DV4) and Spatial Ability (IV). Multiple Comparisons.
Can Do B
Spatial Ability

No

Yes

Total

Expected

Observed

Expected

Observed

0

4.8

3

4.8

6

n= 9

1

4.8

1

8

1

n=10

1

1

1

9

df
Chi Square

7.66 (df = 1)

Total

N=19

Note 1: For any missing value a code of 0 was entered because all participants made an attempt
to complete the task. All failed attempts were coded as Cannot Do.
Note 2: Data was coded as Can Do = 1; and Cannot Do = 0.
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Table 22

Chi Square analysis of Can Do D (DV4) and Spatial Ability (IV). Multiple Comparisons.
Can Do D
Spatial Ability

No

Yes

Total

Expected

Observed

Expected

Observed

0

4.8

5

4.8

4

n= 9

1

4.8

2

4.8

8

n=10

1

1

1

9

df
Chi Square

3.87 (df = 1)

Total

N=19

Note 1: For any missing value a code of 0 was entered because all participants made an attempt
to complete the task. All failed attempts were coded as Cannot Do.
Note 2: Data was coded as Can Do = 1; and Cannot Do = 0.
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A 2 x 2 x 4 Analysis of Variance for Percent Correct (DV2) was computed. Instructional
Materials Conditions (A, B, C, D), was a within-subjects Independent Variable. Spatial Ability and
Prior Knowledge were between subjects Independent Variables. There was no significant
between subjects effect for Spatial Ability compared to Prior Knowledge

(1, 45) = .15,

> .05

and there were no significant within subjects effects comparing Percent Correct and Spatial
Ability

(3, 45) = .1.4,

> .05; and for Percent Correct vs. Prior Knowledge

.05 See Table 23 for the ANOVA Summary.

(3, 45) = .41,

>
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Table 23

2 x 2 x 4 Analysis of Variance for Correct Responses as the within subjects Dependent Variable
and Spatial Ability and Prior Knowledge as between subjects Independent Variables.
Source

SS

df

ms

F

Intercept

103276.7

1

103276.70

276.54

.00

MRT

153.70

1

153.70

.41

.53

PriorK

14.50

1

14.48

.04

.85

MRT*PriorK

56.23

1

56.23

.15

.70

Error

56.2

15

373.47

Percent

1535.20

3

511.73

.56

.64

Percent*MRT

3718.66

3

1239.62

1.37

.27

Percent*PriorK

1116.32

3

372.11

.41

.74

Percent*MRT*PriorK

1214.78

3

409.93

.44

.72

41127.17

45

913.94

Subjects

129413.66

18

7189.65

Total

178125.79

75

Between Subjects

Within Subjects

Error
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A 2 x 2 x 4 Analysis of Variance for Time to Complete (DV1) was computed. Instructional
Material Conditions (A, B, C, D) was a within-subjects Independent Variable. Spatial Ability and
Prior Knowledge were between subjects Independent Variables. There was no significant
between subjects effect for Spatial Ability compared to Prior Knowledge

(1, 45) = .14,

and there were no significant within subjects effects comparing Time vs. Spatial Ability
= .55,

> .05; and for Time vs. Prior Knowledge

(3, 45) = 1.01,

vs. Spatial Ability vs. Prior Knowledge was also not significant at
Table 24 for the ANOVA Summary.

> .05
(3, 45)

> .05; a comparison of Time
(3, 45) = 1.16,

> .05 See

Text, Graphics and Multimedia 97

Table 24
2 x 2 x 4 Analysis of Variance for Seconds as the within subjects Dependent Variable and Spatial Ability
and Prior Knowledge as between subjects Independent Variables.
Source

SS

df

ms

F

Intercept

349049.04

1

349049.04

187.76

.00

MRT

3.13

1

3.13

.48

.51

PriorK

6.27

1

6.27

.96

.36

MRT*PriorK

.09

1

.09

.01

.92

52.25

8

6.53

Seconds

1560.67

3

1520.22

.27

.85

Seconds*MRT

9415.47

3

3138.49

.55

.65

Seconds*PriorK

17301.69

3

5767.23

1.01

.40

Seconds*MRT*PriorK

19903.98

3

6634.66

1.16

.34

257375.45

45

5719.45

305557.26

75

Between subjects

Error

Within subjects

Error
Total

Text, Graphics and Multimedia 98

A 2 x 2 x 4 Analysis of Variance for Errors (DV3) was computed. Instructional Materials
Condition 9 (A, B, C, and D) was a within-subjects Independent Variable. Spatial Ability and Prior
Knowledge were between subjects Independent Variables. There was no significant between
subjects effect for Spatial Ability compared to Prior Knowledge

(1, 45) = .01,

were no significant within subjects effects comparing Errors vs. Spatial Ability
.05; and for Errors vs. Prior Knowledge

(3, 45) = 1.81,

(3, 45) = .10,

> .05; a comparison of Errors vs.

Spatial Ability vs. Prior Knowledge was also not significant at
25 for the ANOVA Summary.

> .05 and there

(3, 45) = .37,

> .05 See Table

>
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Table 25
2 x 2 x 4 Analysis of Variance for Errors as the within subjects Dependent Variable and Spatial
Ability and Prior Knowledge as between subjects Independent Variables.
Source

SS

df

ms

F

Intercept

47.80

1

47.80

7.32

.03

MRT

3.13

1

3.13

.48

.51

Prior K

6.27

1

6.27

.96

.36

MRT*PriorK

.09

1

.09

.01

.91

52.25

8

6.53

Errors

43.28

3

14.43

.81

.50

Errors*MRT

5.28

3

1.76

.10

.96

Errors*PriorK

96.60

3

32.20

1.82

.17

Errors*MRT*PriorK

19.90

3

6.63

.37

.77

425.77

24

17.74

590.83

75

Between subjects

Error

Within subjects

Error
Total
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A. Are there are any significant differences in student learning of a computer-based
procedural task due to individual differences in the learner’s time to complete?
Can Do vs. Time to Complete. A 2 x 2 Chi Square was conducted to compare whether
students who could do the tasks (total) differed with respect to the Time to Complete the tasks
(total High or Low). An overall significance was found;

2

(1) = 13,

< .001 suggesting that

there is a difference in Total Can do or Cannot Do based on Time to Complete (High or Low) of
the participant. See Table 22 for the Overall Chi Square summary. Multiple comparisons
revealed for Condition B vs. Time To Complete B;

2

(1) = 8.93,

< .01 was significant. The

majority (90 %) of the participants who could do the task also took the least amount of time to
do it. See Table 26 for a summary of the Chi Square.
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Table 26
Overall Chi Square analysis of Can Do (DV4) and Time to Complete (IV)
Can Do

Seconds
High vs. Low

No

Yes

Total

Expected

Observed

Expected

Observed

0

9.5

0

9.5

5

n=5

1

9.5

7

9.5

7

n=14

1

1

1

1

df
Chi Square
Total

13 overall (df = 1)
7

12

N=19

Note 1: For any missing value a code of 0 was entered because all participants made an attempt
to complete the task. All failed attempts were coded as Cannot Do.
Note 2: Data was coded as ABCD Can Do = 1; and ABCD Cannot Do = 0.
0 = Faster Time to Complete; and 1 =Slower Time to Complete

Text, Graphics and Multimedia 102

CHAPTER FOUR

DISCUSSION

What is Multimedia?
According to the Merriam-Webster Online dictionary, the term “multimedia” was first
used in 1962 to mean using, involving, or encompassing several media. As technology
progressed, other definitions followed. In 2005, Tom Antion’s Public Speaking Course website
defined Multimedia as “the use of several media, such as movies, slides, music, and lighting in
combination normally for the purpose of education or entertainment” (Antion, 2005, p.
glossary/Multimedia). In 2008, Computer ServiceNETwork defined multimedia as “the use of a
computer to display integrated text, graphics, animation, and sound”. As computers become
more sophisticated and less expensive, the potential for use in multimedia presentations such
as movies and interactive education increases” (Computer Service NETwork, 2008, p.
glossary/Multimedia).
What is Multimedia Learning?
Richard E. Mayer proposed that Multimedia learning is “building mental representations
from words and pictures” and that Multimedia Instruction is “presenting words and pictures
that are intended to promote learning” (Mayer, 2005, p. 3). Mayer, a professor of Psychology at
the University of California in Santa Barbara, defined multimedia learning as learning from both
words and pictures. His research in the 1990s (Mayer & Anderson, 1991; Mayer & Gallini, 1990)
tested Pavio’s (1971; 1986) theory of dual coding with multimedia instruction. Mayer and his

Text, Graphics and Multimedia 103

colleagues found that student scores were significantly better when it came to applying what
they had learned after receiving multimedia instruction rather than a single media instruction.
Other groups of researchers (Chandler & Sweller, 1991; Chandler & Sweller, 1996; Kalyuga,
Ayers, Chandler, & Sweller, 2003; Mayer & Moreno, 1998; Sweller, 1994; Sweller, van
Merrienboer, & Pass, 1998) confirmed these results. The experiments usually centered on
cause and effect scenarios such as lightning striking (Mayer, Bove, Bryman, Mars, & Tapango,
1996), how brakes work (Mayer, 1989), how pumps work (Mayer & Gallini, 1990) , or how a
toilet flushes (Mayer, Hegarty, Mayer, & Campbell, 2005). From this growing body of research
developed a set of principles of multimedia learning (Mayer, 2005). Those principles drive
current research in Multimedia Learning. Today’s Multimedia Learning research adds to our
understanding of how people learn from words and pictures in computer-based environments
(Mayer, 2005). The current study extended this line of research to include how people learn to
complete procedural tasks from words and pictures in computer-based environments.
How is Multimedia Learning Used in a Graphics Curriculum?
In the computer graphics classroom, it is common for students to encounter several
different formats of information in at least three simultaneously delivered media, (1) text, in
book or on the student computer screen or on a document projector screen in the classroom,
(2) images, in the textbook or on the student computer screen or on a document projector
screen in the classroom, and (3) sounds, emanating from the instructor’s voice, the student’s
computer, or the classroom sound and computer projection system. Along with text, images,
and sound, the student may interact with several media generators such as a desktop
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computer, monitor, and keyboard, and document projector with audio speakers. The most
common student tasks in graphics classes are procedural ones. Students complete projects that
require them to reproduce a series of sequenced steps using software programs in order to
complete design projects such as re-touching a photo, animating a drawn object, or editing a
recorded video.
Discussion of Dependent Variables
Time to Complete. This Dependent variable was measured in seconds. For all tasks, the
shortest completion time for a participant completing a task was observed for Task 3D
(Onscreen Narrated Video) at 30 seconds. The longest time for a participant completing a task
was observed for Task 2B (Modified Text with Integrated Still Images) at 298 seconds. An
Analysis of Variance showed no significant differences in the time it took participants to
complete any of the tasks. See Figure 35 for a line graph showing the 19 participant Time to
Complete scores for tasks separated by Condition A, B, C, and D. it may be seen in Figure 36
that there were not major time differences across Conditions A, B, C, and D. Further, with a few
exceptions, there were not major time differences across Participants. For example, Participant
13 had almost identical Times (approximately 125 seconds) to Complete for Conditions A, C,
and D, but Participant 13 used nearly 300 seconds to complete (or fail to complete) the task
associated with Condition B.
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Figure 35. Time to Complete Scores.

Time to Complete scores were also coded into a nominal variable and coded as 1 = took
more time than the median to do and 0= took less time than the median to do. This Above vs.
Below Median Time to Complete variable was compared to the nominal variable Can Do (A, B,
C, D) with a Chi Square. This statistical analysis revealed that there was significance in the
overall Chi Square. Multiple comparisons showed that 90% of the participants who completed a
task with Condition B (Modified Text with Integrated Still Images) training or Condition D
(Onscreen Narrated Video) training completed the task in less than the median time. These
findings are similar to findings by Palmiter & Elkerton, 1993, who reported that participants
who were trained for procedural tasks with a Demonstration Condition (independent variable)
(similar to Condition D in the current study) were faster than other training groups at
completing measured tasks. In the present study, Condition B (Modified Text with Integrated
Still Images) was found to be as effective as Condition D (Onscreen Narrated Video) in training
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participants for faster task completion. The Modified Text with Integrated Still Images
(Condition B) may have performed well in this study with regard to time because those
materials were designed to conform to the guidelines set forth by Mayer and others in several
experiments Mayer & Anderson, 1991; Mayer & Anderson, 1992; Mayer, Moreno, Boire, &
Vagge, 1999; and Mayer & Sims, 1994. The materials were designed as Transformational Visuals
indicating movement with arrows on static graphics. The materials also exhibited the Temporal
Contiguity Principle by having words and pictures placed closely together to decrease the
cognitive processing, and they exhibited the Coherence Principle by keeping extraneous
materials to a minimum. They also adhered to Visual Communications best practices through
the use of (1) the Rule of Thirds, (2) a ”Z” Reading Pattern, (3) information chunked into 3-5
piece bits, (4) font selection for readability, (5) color selection for contrast, and (6) ample
white space, thus delivering the essential information while limiting the cognitive load.
Correct Responses. This Dependent variable was measured in counts and converted to
percentages in order to perform statistical analysis. No within-subjects differences were found
in the participant Percent Correct scores (A vs. B vs. C vs. D). Percent Correct scores were
converted to frequencies above and below the median, and non-parametric tests were
computed. The first test crossed Correct Responses (above and below the median) with Prior
Knowledge scores (above and below the median). This analysis did not yield a significant
difference. The second test crossed Correct Responses (above and below the median) with
Spatial Ability (above and below the median). This analysis did not yield a significant difference.
The small number of scores available for comparison limited the probability of finding a
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significant difference. If the sample had been 75 participants instead of 19, the results may
have been different.
Errors. This Dependent variable was measured in counts. Because the sequence of the
steps in the tasks was of great importance, each mouse click or key stroke that deviated from
the prescribed steps was counted as an error. No set limit was established for errors, and some
participants made many errors and retraced their steps and went forward again. Some
participants with high error counts finished the task, and some did not. No within-subjects
differences were found in the participant Error scores (A vs. B vs. C vs. D). Error scores were
converted to frequencies above and below the median, and non-parametric tests were
computed. The first test crossed Errors (above and below the median) with Prior Knowledge
scores (above and below the median). This analysis did not yield a significant difference. The
second test crossed Errors (above and below the median) with Spatial Ability (above and below
the median). This analysis did not yield a significant difference. The small number of scores
available for comparison limited the probability of finding a significant difference.
Can Do. This Dependent variable was measured nominally. If the participant finished the
task, it was coded 1 = Can Do, and if the participant did not complete the task, it was coded 0 =
Cannot Do. The completion rates of the individual Instructional Material Conditions (A, B, C, D)
were not significantly different from each other; the completion rate of 79% on the Condition C
(Onscreen Modified Text with Silent Onscreen Video) was slightly higher than the other three
conditions, but not statistically significant. When the Can Do scores were compared to the
participants’ scores on the Prior Knowledge, significance was found. There was a difference in
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Can Do or Cannot Do based on the Prior Knowledge of the participant. There were 14
participants (72%) who scored high (above the median) on the Prior Knowledge measure, and
who also completed at least one of the measured tasks (A, B, C, D). Multiple comparisons
confirmed that when a task was trained with Condition B (Modified Text with Integrated Still
Images) the completion rate for that task was higher than for the other training conditions.
Participants with a Prior Knowledge score above the median (80%) completed a task trained
with the Condition B materials, whereas only 40% of participants with a Prior Knowledge score
below the median were able to complete a task trained with the Condition B materials. The
difference in Prior Knowledge (high vs. low) must have contributed to the difference in task
completion scores, because there was no significant difference in the overall participant
completion scores regarding Conditions A, B, C, or D. Prior Knowledge may play a role in
effective use of Condition B (Modified Text with Integrated Still Images) training materials.
The Can Do scores were compared with participants’ scores on the Mental Rotations
Test to determine if participants’, spatial ability had any effect on being able to complete a
task. An overall significance was found. There was a difference in Can Do or Cannot Do based
on the Spatial Ability of the participant. Participants who scored high on the Mental Rotations
Test (70%) completed at least one of the four measured tasks. Multiple comparisons were
used to discern that 90 % of the participants who could do the task trained with Condition D
(Onscreen Narrated Video) also scored High on the Spatial Ability measure. Only 39 % of those
participants with low spatial ability scores were able to complete the Condition D task.
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Discussion of Research Questions
Research Question 1. Are there are any significant differences in student learning of a
computer-based procedural task due to the format of the training materials? Based on the data
collected and analyzed in this study, the conclusion would have to be no, there are no
differences in learning due to the format of the training materials, but this author suggests that
additional similar studies with a larger sample would provide additional information.
Research Question 2. Do individual differences in prior knowledge and spatial abilities
make a difference in student learning? Yes, there is evidence of differences in the student
learning due to differences in Prior Knowledge and differences in Spatial Ability. High Spatial
Ability must aid in some way in understanding or remembering the steps in completing a task
because the overall Can Do scores (A vs. B vs. C vs. D) were not significantly different for
participants. Since the difference is only found when comparing Condition B with The Mental
Rotations Test, Spatial Ability may play a role in effective training employing Modified Text with
Integrated Still Images. Possessing prior knowledge of the testing may have contributed to the
difference in task completion scores, because there was no significant difference in the overall
participant completion scores regarding Conditions A, B, C, or D. Prior knowledge may play a
role in effective use of Modified Text with Integrated Still Images training materials.
Recommendations
This author’s recommendations in light of the findings of this study are to continue to
investigate multimedia materials for instruction of procedural and computer-based tasks.
Mayer, Anderson, Chandler, Sweller and others have built a strong base of knowledge and
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theories regarding the increased effectiveness of multimedia materials over single media
materials. The four Instructional Material Conditions (A vs. B vs. C vs. D) employed in this study
were all classified as multimedia materials, because two or more different media were
combined in each condition. Condition A employed text and images, Condition B employed text
and enhanced images, Condition C employed text and video, and Condition D employed sound
and video. For all four conditions the Percent Correct scores, the Errors, and the Can Do rate
were all within expected values. This might mean that as a group of multimedia materials, the
differences were slight, but if compared to single media materials they may be significantly
different. In many of the Mayer studies, the differences between single media and multimedia
materials were studied, and from those studies came a set of Principles of Multimedia Learning.
The advantage of multimedia over single media is well-established by the work of prior
researchers. With those principles in place, more studies for testing and comparing multimedia
materials could potentially yield more effective ways to match the training medium to the
content or to the learner.
The Graphics specialization of Information Design might provide additional insight into
development of improved multimedia training materials. Designing larger experiments and
varying the time for task testing would be a next logical step to extract more information from
the basic constructs put forth in this study. Additional modification of the Condition B (Modified
Text with Integrated Still Images) training materials may further reduce cognitive load on the
participant. Perhaps the use of more schematic versus real images might be effective, since the
research showed some advantage for schematic images over photographic ones. Restructuring
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data collection so that the participant does not have to be involved in the video capturing and
archiving process would be an improvement. The majority of missing data in this study were
missing computer generated video files. Some of the missing files were probably not due to the
participant failing to complete the task but rather were due to a mechanical or human error in
archiving the video results. Additional research is indicated in spatial ability and pairing
different multimedia instructional materials according to spatial ability levels. Additional
research is indicated in the role of prior content knowledge and multimedia instructional
materials. There may be differences in which multimedia formats are more effective,
depending on the prior knowledge level of the participant.
Limitations of Current Study
This study encountered several limitations; the greatest was the small number of
participants. Original estimates of participation were for 38 enrolled students. On the day of
the data collection eight of the 19 enrolled participants attended the first class and 12 of 20
enrolled participants attended the second class. One contributing reason for low attendance
may have been that the data collection took place during the last class period before final
exams. The collected data were further reduced by instances of missing electronic video files.
Some participants were not successful in saving the finished recordings to the computer. Some
of those missing files may have contained records of completed tasks.
Internal and External Validity Issues and Limitations
The Mental Rotations Test (Vandenberg, 1978) was used to collect Spatial Ability data.
Established validity and reliability information was available for the instrument including
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administration, scoring, and interpretation guidelines. The Prior Knowledge Test was
constructed specifically for this study, and validity had to be established. The 10 questions used
were chosen from a bank of final exam questions written by the course instructors for
GRAPHICS 2290-Electronic Imaging. The tasks included in the testing were part of the
coursework in that class as well. The course textbook provide the basis for the Condition A
(Traditional Textbook with Still Images) training materials. After selecting questions that related
to the procedures in the instructional materials, a rubric was constructed listing the questions
and their applicability to the experiment. Four raters scored the questions on a Likert scale. The
rating scale was: 1 = “Does not measure the concept” to 5 “Measures the concept well.” The
mean score for the four raters on the total questions on a 5-point scale was 46.5, meaning that
there was a 93% agreement among raters and that they judged that the questions were
appropriately assessing the assigned topics. Accordingly, content validity was supported.
The scoring of the instructional tasks was a potential inter-rater reliability issue, so
three additional scorers were employed to score and code ten percent of the completed tasks.
The scorers were selected based on prior knowledge of the topic and then trained with scoring
rubrics. Inter-rater reliability was calculated on their scoring during training, and training
continued until 90% inter-rater reliability was achieved.
Measurement Issues
There were a few measurement issues relating to scoring. Due to the custom nature of
the instructional materials, a rubric was developed to use for scoring. It allowed the tasks to be
scored in a standardized fashion. Missing data was a measurement issue in that one cannot
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analyze what one has not collected. A few participants were not able to save each of their video
files to the archive folder, and several pieces of data were missing. Future experiments should
look for a solution to this problem. Another measurement issue was the raw scores for the
Correct Responses on individual tasks. Because the four tasks were counterbalanced with the
four conditions, there were four different versions of each task. The tasks did not have the
same number of correct answers possible, so there were 9 possible correct for Task 1 and Task
2 but 11 possible correct for Task 3 and 16 possible correct Task 4. The raw scores could not be
used for statistical analysis and each had to be transformed to a percent for analysis. In the
future, all counterbalanced tasks should have the same number of possible correct answers.
Significance of the Investigation
This research study is innovative because it brings together theories of (1) Multimedia
Learning, (2) Cognitive Load, (3) Industrial and Online Training, as well as (4) Principles of
Graphics Design in conjunction with training computer-based procedural tasks. Not all forms of
instructional materials may be equally effective as training materials for computer-based
procedural tasks. Inherent characteristics in the structure of those training materials, or
individual differences of the learners may affect the learner’s ability to understand and apply
the material. It is established in the literature that student scores are generally higher when
applying what they have learned if multimedia materials are employed for instruction than if
single media materials are employed.
The current study investigated four forms of multimedia instructional materials; (A)
Traditional Textbook with Still Images, (B) Modified Text with Integrated Still Images, (C)
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Onscreen Modified Text with Silent Onscreen Video and (D) Onscreen Narrated Video on
training a computer-based procedural task. The materials by themselves were not significantly
different from each other according to the participant scores. However, by comparing
participant scores on those tasks with participant scores on Spatial Ability and Prior Knowledge,
the following results were found:
(1) Time to complete tasks were faster for participants trained with (B) Modified Text
with Integrated Still Images and for participants trained with (D) Onscreen Narrated Video.
(2) Participants with High Spatial Ability completed significantly more tasks than
participants with Low Spatial Ability.
(3) Participants with High Spatial ability completed more tasks trained with (B) Modified
Text with Integrated Still Images condition than participants with low Spatial Ability trained with
the same condition.
(4) Participants with High Spatial ability completed significantly more tasks trained with
(D) Onscreen Narrated Video condition than participants with Low Spatial Ability trained with
the same condition.
(5) Significantly more participants with High Prior Knowledge completed any tasks than
Participants with Low Prior Knowledge.
(6) Significantly more Participants with High Prior Knowledge completing tasks trained
with (B) Modified Text with Integrated Still Images than participants with low Spatial Ability
trained with the same condition.
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The implication of the differences found in the current study is that Prior Knowledge and
Spatial Ability do matter in preparing or selecting multimedia instructional materials to be used
for procedural training. These findings are consistent with the literature reviewed. For
instance, Mayer and Anderson (1991, 1992) found that participants with High Spatial Ability
benefitted from narrated video training, as did participants in the current study. Palmiter &
Elkerton, (1993), reported that participants who were trained for procedural tasks with a
Demonstration Condition similar to the (D) Onscreen Narrated Video were faster than other
participants at completing measured tasks. That finding is consistent with the current study;
additionally, the current study found that (B) Modified Text with Integrated Still images
condition was equally fast. Participants with High Spatial Ability and participants with High Prior
Knowledge may have more cognitive resources with which to process and code the information
for condition B and D than participants with Low Spatial Ability and Low Prior Knowledge. A
possible training approach might be that learners with high prior knowledge or high spatial
ability in the graphics content area may benefit most from either (B) a Modified Text with
Integrated Still images or (D) an Onscreen Narrated Video training condition. Each of these two
training conditions requires the learner to construct mental representations of the procedural
information using minimal information. Learners without the support of pre-existing long-term
domain knowledge may benefit more from traditional materials with static or animated and
annotated materials because those materials can contain more content support information. It
is essential that future research in training procedural tasks (1) identify instructional designs
and procedures that support different levels of the learners’ expertise in the content domain,
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and (2) that learners be assessed for level of expertise prior to training, so that (3) the
appropriate materials for the learner are employed in the training. Future research involving
tracking individual participants across individual behaviors might yield descriptions of particular
individual effects. Continuous data such as time to complete a task or time to complete a step
in a sequence of steps might aid in describing individual effects that might exist.
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